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FOREWORD

1. This Military Interlace Standard is approved for use by all Departments and Agencies of the Department of
I Defense.

I 2. Beneficial comments (recommendations, additions, deletions) and any perfinent data which may be of use
in improving this document should be addressed to: ASC/ENSl, Wright-Pafferson AFB OH 45433, by using

the Standardization Document Improvement Proposal (DD Form 1426) at the end of this document, or by
Iener.

3. This standard is written for use by the project engineer in a military procuring activity who is specifying a

new system or subsystem design.

4. This standard is formatted to draw attention to aspects of the design where tailoring of requirements is

necessary or possible. The figures shown herein are intended as examples and need not be duplicated

exactly for each application. Each requirement is discussed in the appendix.

5. This document replaces MI L–STD–884, Electronically y or Opticall y Generated Displays for Aircraft Control

and Combat Cue Information.
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MILITARYINTERFACESTANDARD
AIRCRAFTDISPLAYSYMBOLOGY

1.SCOPE

1.1Scope.Thisstandarddescribessymbols,symbolformats,andinformationcontentforelectro+ptical
displaysthatprovideaircrewmemberswithinformationfortakeoff,navigation,terrainfollowing/terrainavoid-
ance,weapondelivery,andlanding.Itdescribessymbolgeometry,font,recommendeddimensions,and
mechanizations.Thisdocumentalsodefinesthesymbologyrequirementsforaprimaryflightreferenceand
describessomefundamentalrelationshipsbetweensymbolmotionandaircraftsystemstates.

Thisstandarddoesnotdescribesymbolsforelectronicwarfaredisplayswhicharenormallyclassifiedin
meaning.Itdoesnotdescribequalities(otherthanthosementionedabove)thataffectlegibility,suchas
resolution,brightness,uniformity,contrast,flicker,noise,minimumlinemovement,color,andthelike.

1.2Application.Thissymbolsinthisstandardapplytodisplaysusedonmilitaryaircraft.

1.3 Use.This,standardshouldnotbeusedforcontractualpurposesuntilalltailoringdecisionshavebeen
madeandincorporatedintothewording.Intailoringeachrequirementofsections4and5,thecorresponding
guidanceintheappendixshouldbeconsidered.Therequirementforastandardprimaryflightreferencecan
beincorporatedintoacontractbyrequiringprimaryflightreferencedisplaysandsymbologyasdefinedin
section4.1.

1.4 Deviation.Intheeventaprojecteddesignforagivenapplicationresultsinimprovedsystemperfor-
mance,reducedlifecyclecost,orreduceddevelopmentcostthroughdeviationfromthisstandard,orwhere
therequirementsofthisstandardresultincompromiseinoperationalcapability,theissueshallbebroughtto
theattentionoftheprocuringactivityforconsiderationofchange.

2.APPLICABLEDOCUMENTS

2.1 Governmentdocuments

2.1.1 Specificationsandstandards.Unlessotherwisespecified,thefollowingspecificationsandstan-
dardsoftheissuelistedinthatissueoftheDepartmentofDefenseIndexofSpecificationsandStandards
(DoDISS)specifiedinthesolicitationformapartofthisstandardtotheextentspecifiedherein.

SPECIFICATIONS

Military

AFGS-87213 Displays,Airborne,Electronically/OpticallyGenerated

(Specificationsmaybeaddedtothislistwhentailoringthedocument.Appendixsection20maylistapplicable
specifications.)

STANDARDS

Military

(Standardsmaybelistedherewhentailoringthedocument.Appendixsection20maylistapplicable
standards.)

1
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(Unless otherwise indicated copies of federal and military specifications, standards, and handbooks are avail-
able from the Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA
19111–5094.)

2.1.2 Other Government documents, drawings, and publication. The following other Government

documents, drawings, and publications form a pan of this specification to the extent specified herein. Unless
otherwise specified, the issues are those cited in the solicitation.

(References may be listed here when tailoring the document. Appendix section 20 may Ilst other applicable

I
documents.)

1 (Copies of publications required by manufacturers in connection with specific acquisition functions should be

obtained from the contracting activity or as directed by the contracting officer. )

I 2.2 Non-Government publications. The following document(s) form a parl of this specification to the

I extent specified herein. Unless otherwise specified, the issues of the documents which are DOD adopted are

those listed in the issue of the DODISS cifed in the solicifafion. Unless otherwise specified, the ;ssues of

documents not listed in fhe DODISS are fhe issues of the documents cited in fhe solicitation.

1 (Publications may be /isted here when tai/oring the document. Appendix section 20 may M applicable non–

Government publications.)

(Application for copies should be addressed to [name and address of the source].)

(Non–Governmenf sfandards and other publications are normally available from the organizations that pre-
pare or distribute the documents. These documents also may be available in or through libraries or other

informational services.)

2.3 Order of precedence. In the event of a conflict between the text of this documenf and the references

cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes

applicable laws and regulations unless a specific exemption has been obtained.

2
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3. DEFINITIONS,ABBREVIATIONS,ANDACRONYMS

3.1Displaydefinitions

3.1.1Centertotalfieldofview(CTFOV).Centertotalfieldofview(CTFOV)islocatedatthecenterofthe
HUD’stotalfieldofview.

3.1.2Electronicattitudedirectorindicator(EADI).TheEADIisareplacementforthestandardADI,but
withnomovingpartsotherthancontrolsandswitches.TheEADIpresentsthesymbolsonadisplayusing
eitheraCRTordirectviewflatplatetechnology.Basicinformationconsistsofattitude,altitude,andairspeed.
Otherinformationcanbepresenteddependinguponmoderequirementsanddisplayedbymodeselection,
e.g.,ILS,NAV,weaponrelease,etc.

3.1.3Head-updisplay(HUD).TheHUDisadisplaywhichprojectscollimatedsymbolicinformationintothe
aircrewmember’sforwardfield–of–view(FOV).Thetechniqueresultsinthecombinationofflightcontroland
weapondeliveryinformationwithexternalvisualcuesfromthescenenormallyviewedthroughthewind-
screen.Specificsymbolsandformatscanbeselectableforagivenmodeofoperation.HUDdisplayinforma-
tionmustbecompatiblewithhead–downdisplayinformation.Take-off,landing,navigation,terrainfollowing/
avoidance,air–to–airandair–to-groundweapondeliverymodesmaybeprovided.Videoformatsmayalsobe
displayed,such,asTV,FLIR,orelectronicallycreatedvideoalongwithsymbology.

3.1.4Helmet--mounteddisplay(HMD).TheHMDisadisplaywhichprojectsvideoimagery,symbolic
and/oralphanumericinformationonadisplaymedium(e.g.,combiningglassorvisor)intooneorbotheyesof
theaircrewmember.Inmostapplicationsthedisplaymediumisattachedtoaflighthelmetwhichispartofa
headtrackingsystem.Thelineofsightofthehelmetisdeterminedbytheheadtrackingsystemanda
designatedsensorisslewedinaone–to-oneangularcorrespondencewiththislineofsight.Thedisplay
mediumthendisplaystheimagefromthedesignatedsensor:television(TV),forwardlookinginfrared(FLIR),
orelectronicallycreatedvideo.Specificsymbolsandformatscanbeselectabletoragivenmodeofoperation.

3.1.5Horizontalsituationdisplay(HSD).AnHSDisadisplaywhichaidsthecrewmembersinnavigation.
Itconsistsofaplanviewpresentationofheading,distance–to-go,bearing–to-destinationorsomeother
navigationreference,groundtrack,course,aircraftposition,andsteeringerror.Modesmayconsistof
manual,north-up,track–up,data,test,andoff.Selectionofmapscalefactorsmayalsobeprovided.Naviga-
tionupdatecanbeaccomplishedwiththepropercomputertechniques.SomeHSDScandisplaymovingmap
videoasabackgroundforthesymbology.Symbolsmaybeusedtoannotatecheckpoints,variouslegsofthe
mission,highriskareas,groundtrackdeviation,andradarthreatwarning,etc.Specificmodesandformats
canbeselectableforagivenmodeofoperation.

3.1.6HUDreferencepoints – AlltheHUD’Ssymbologyis referencedagainsteitheroneoffourfixed
referencepointsorotherHUDsymbols.Thefourfixedreferencepointsarethecentertotalfieldofview,the
aircraftreferencepoint,lefthandreferencepoint,andtherighthandreferencepoint.

a. Aircraftreferencepoint(ARP)isdefinedasthepointontheHUDthataline,whichextendsfromthe
designeyepointandisparalleltotheaircraftreferenceline,passesthrough.TheClimb–DiveMarkerand
FlightPathMarkerarereferencedfromthispoint.

b. Left-/right-handreferencepoints(LHRP/RHRP)areamovablepointagainstwhichtheairspeed
andaltitudescalesarepositioned.TheLHRPandRHRPalwayshavethesameverticalpositionandareof
equalhorizontaldistancefromaverticallinerunningthroughtheCTFOV.Theverticalpositionsarechosento
keeptheclimb-divemarkerbetweentheairspeedandaltitudescalesduringnormalcruiseflightand
approachandlandingmodes.TheirhorizontaldistanceischosentoensuretheirvisibilitywithintheIFOVand
toestablishaneffectivecrosscheckdistance.

3
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3.1.7 Multifunction display (MFD). The MFD is a general purpose display which may be used in many
places in tlle cockpit. In addition to the modes listed for the HSD and VSD, other possible modes are energy

management, engine management, aircraft subsystem information, and integrated test and maintenance.

Specific modes and formats can be selectable for a given mode of operation. It is sometimes called a

Multipurpose Display (MPD).

3.1.8 Vertical situation display (VSD). The VSD has all of the features of an EADI, with the increased
capability of displaying sensor data. Additional modes may consist of TV infrared (l R), attack radar, weapon

TV, or ferrain following radar. Specific symbols and formats can be selectable for a given mode of operation.
When any mode other than one of the prima~ EADI modes is selected, the VSD may present basic symbolic

information for flight control superimposed on the sensor data. VSD formats generally do not use sky/ground

shadhg.

3.2 Information definitions (from IVf/L-STD-7295 and M/L–STD438Zf)

3.2.1 Coding characteristics. Coding characteristics are readily identifiable attributes commonly

associated with a symbol by means of which such symbols are differentiated; i.e., size, shape, color, etc. See
M/L–STD–1472for more information on coding requirements

3.2.2 Command information. Command information is displayed information directing a control action.

3.2.3 Miiliradians (mr). A radian is a unit of plane angular measurement equal to the angle at the center of a
circle subtended by an arc equal in length to the radius. A mr equals one thousandth of a radian.

3.2.4 Mode. A mode is the functional state of the display and/or control system(s). A mode can be manually

or automatically selected.

3.2.5 Occlusion. (Sometimes called sparing.) The blocking of one symbol by another. For example, the
altitude display has trigher occlusion priority than the horizon line, so the piece of horizon line which would

overvwte the altitude display (plus about a 2-mr margin) is not written to the screen when the aircraft attitude
would cause them to intersect.

3.2.6 Predictive information. Predictive information is information predicting future status, condition, or
position of the aircraft a system, or a subsystem.

3.2.7 Primary flight data. Instrument flight information required to support the execution of specific instru-

ment flight maneuvers (See Table 1). The basic intent of Primary Flight Data is two-fold:

1. Provide the pilot or cockpit crew member with the most accurate, intuitive and complete set of t fight instru-

ment symbology necessary and sufficient to accomplish any portion of the mission.

2. M\nimize the amount of eye movement needed to integrate all fhe required ffight instrument information for
the safe accomplishment of the mission.

3.2.8 Primary flight instrument. A primary flight instrument is any display or instrument that serves as the

pilot’s primary reference of some instrument flight information. A centrally located attitude directional indica-
tor (ADI) can be considered a prima~ flight instrument because it is the pilot’s primary reference for pitch,

bank and command steering information.

3.2.9 Primary flight reference (PFR). A primary flight reference is any display or suite of displays or

instruments that provide all required information for instrumented flight and complies with the M/L–STD–l 787
requirements for information content and presentation.

4
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3.2.10Qualitativeinformation.Qualitativeinformationisinformationpresentedbyadisplayinamanner
whichpermitsthedisplayusertoassesstheinformationwithoutrequiringattentiontoanexactnumerical
quantity.

3.2.11Quantitativeinformation.Quantitativeinformationisinformationpresentedbyadisplayinamanner
whichpermitsthedisplayusertoobserveorextractanumericalvalueassociatedwiththeinformation,Itmay
bedisplayedineitherdigitaloranalogformats.

3.2.12Singlemediumprimaryflightreference.Asingledisplaymedium(i.e.,MFD,HUD,HMD,etc)that
complieswithalltherequirementsofaprimaryflightreference.Thetermsingle–mediumshouldneverbe
confusedwiththetermsingle/solesource.Thewordsourcereferstothesubsystemorsensoratwhichthe
flightinstrumentinformationoriginates.Therefore,asingle/solesourcedisplayimpliesthattheinformation
presentedonthedisplayisgeneratedfromasinglesource.Withtoday’sintegratedavionics,itisuncommon
andunwise,todependsolelyuponasinglesourceforsuchcriticalinformation.Thedevelopmentofthe
Mil–Std1787baselinesymbologysetwastoestablishtheHUDasasingle–mediumprimaryflightreference.
Simplystated,thismeansthattheAirForcenowofficiallyrecognizesandendorsestheuseoftheHUDasa
primarymeansofpresentingflightinstrumentinformation.

3.2.13Statusinformation.Statusinformationiscurrentconditioninformationabouttheaircraftsystemand
itssurroundings.

3.2.14Symbol.Asymbolisageometricformoralphanumericinformationusedtorepresentthestateof a
parameteronadisplay.

17.45mr=1deg
1mr= .0573deg
1mr=3.44min
1min=.291mr

3.2.15Symbolsize.Actualsymbolsizeonadirectviewdisplaybasedondesigneyedistancefromthe
displaycanbecalculatedusingthefollowingformula:

2Dtan(a/2)=L

L =sizeofsymbolatdisplay
D =designeyedistancefromthedisplay
a =symbolsubtense(degrees)

Example:Thebreakawaysymbolis100mrinlength.Whatisthesizeofthesymbolatthedisplayincm,ifthe
designeyedistanceis28inches(71cm)?

I 0.0573deg
100mrX mr =5.73degrees

I 2(71)tan(5.73/2)=Lt L=7.11cm

1 Thisformuladoesnotapplyforhead-updisplays.ComputerraytracesofaHUDopticstrainarerequiredto
determinesymbolsizeonHUDCRTs.SeeAFGS-87213forthemeasurementproceduresusedtoverify
symbolsizeonhead–upandhead-downdisplays.

5

Licensed by Information Handling ServicesLicensed by Information Handling Services



MIL-STD–1787B (USAF)

3.3 Abbreviations and acronyms

A/A – air–to–air

AfG - air–toflround
ASE – allowable steering error

ASL – azimuth steering line

BFL - bombfall line

CCIL – continuously computed impact line

CCIP – continuously computed impact point

CCRP – continuously computed release point

CDI - course deviation indicator

CDL – climb/dive ladder

CDM – climb/dive marker

CTFOV - center total field of view

EADI – electronic attitude director indicator

EO – electro-optical

FLIR – forward looking infrared

FOV – field of view

FPM - flight path marker

GHL – ghost horizon line

HSD – horizontal situation display

HSI - horizontal situation indicator

HUD – headtip display

Hz hertz

IFOV - instantaneous field of view
ILS - instrument landing system

1P– initial point

LCOS - lead computing optical sight

Ldg – landing

LHRP - Iefi-hand reference point

LOS – line of sight

mr – milliradians
Nav - navigation

PFR – primary flight reference

PPI – plan position indicator

RHRP - right-hand reference point

Rmm – range, maximum

Rmin – range, minimum
TAA - target aspect angle

TACAN – tactical air navigation

TD – target designator

TF terrain following

TFOV - total field of view

TISL - target identification set, laser

TOF - time of flight

VDI - vertical deviation indicator

VFOV - vettical field of view

VSD – vertical situation display

6
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4. REQUIREMENTS

4.1 Informationcontentof the
flightmaneuverstoincludetakeoff,

display. Displaysshallpresentinformationneededforallinstrument
navigation,andlanding.Symbolsandsymbolformatsshallbeintegrated

withemphasisonenhancingthepilot’sspatialorientationandsituationalawarenesswhileminimizingdisplay
clutter,particularlywhenvisibilityispoor.

4.1.1 Primaryflightreference(PFR)data. Allpilotcrewstationsfromwhichapilotistocontrolanaircraft
shallhaveatleastonecompletesetofPFRdatameetingthefollowingrequirements:APFRshallprovidethe
pilotflyingtheaircraftwiththeinformationrequiredtoaccomplishaninstrumentmaneuverduringamission
segmentandshallenablethepilottomaintainattitudeawarenessandtorecoverfromanunusualattitude.A
single-mediumprimaryflightreferenceshallpresenttherequiredinformationonasinglemediumsuchasa
multifunctiondisplay,head-updisplay,orhelmet-mounteddisplay.ThePFRshallbeaprominent,centrally
locateddisplay.

a. Location.Acompletesetofprimaryflightdatashallbepresentedeitherheaduporheaddownatall
times.Iftheprimaryflightdataislocatedheadup,ahead-downpresentationshallbeimmediatelyavailable
fromonlyonehands-onswitchactionbythepilot.Ahead-upPFRshallsubscribeto locationcriteriafor
head-updisplays.Thehead-downPFRshallbecentrallylocatedwithinthepilot’snormalscanpatternonthe
instrumentpanel.Verlicalstackingontopoftheprimarynavigationdisplayispreferred;however,aside-by-
sidearrangementwiththePFRontheleftisacceptable.Ifbothahead-upandhead-downPFRarepresented,
thehead-downPFRshallbelocatedontheinstrumentpanelaspreviouslydescribedandwithin25degreesof
thehorizontalaxisofthecenteroftheHUDfieldofview(FOV)(Figurela).

1
8

~ VerticalAxis

250
Field
of
Vision

----
,

,
,

,’,,
<’.\

----

I
I PFRHDD1

\

4

I
I
*
I
1

I

HorizontalAxis

FIGURE1. a. Preferredlocationofhead-upandhead-downprimaryflightreferencedisplays.
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I
b. Critical flight data. A PFR sllall always provide the following critical flight data:

(1) Climb/dive angle (pitch and vetiical velocity if a single symbol representing the climb/dive angle is

invalid or unavailable) shall be centrally located within the PFR and shall provide the crew member with a
minimum coverage angle of

(2) Bank
(3) Altitude

(4) Airspeed

c. Data for instrument maneuvers. When the following data is required for an instrument maneuver it

shall be provided in the PFR:

(1)

(2)

(3)
(4)

(5)

(6)

d.

Heading
Bearing

Distance
Lateral and vertical deviation from a selected course and glide path

Flight director and an indication of absolute altitude (category II and 111approaches)

Angle of attack
(a) and sideslip

(b) when required by aircraft design

SuDDlemental fliaht data. The following information is not required in the PFR but shall be in the
viewing area of the pilot ;lying the aircraft:

(1) Power indication

(2) Altimeter setting (when monitoring barometric altitude)

(3) Selected course

(4) Tming

e. Non-PFR data. Additional information included on the display(s) containing the PFR shall not inter-
fere with maintaining attitude awareness or recovering from an unusual attitude.

f. Failure indication. Failure indication of any required data shall be provided in the PFR.

g. Decluffer, Symbols that can be deleted by decluttering should have a secondary warning when they

are deleted because of faulty data.

8
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I
I

I

4.2 Standardsymbols. Symbolsforthefunctionsdescribedunder4.2shallhavethegeometryshownin
thefiguresaccompanyingeachparagraphinthestandard.

4.2.1 Aircraftreferencesymbology

4.2.1.1Climb/divemarker.Theclimb/divemarker(CDM)(Figure24shalldisplaythecurrentclimb/dive
anglewhenreadagainstaclimb/diveladder.TheCDMshallbefreetomovealongtheverlicalaxiswithinthe
instantaneousfieldofview(IFOV)topresenttheclimb/diveangleaccurately.Iftheaircraft’sclimb/diveangle
requiresthepositioningoftheCDMoutsidethelimitsofthedisplay’sIFOV,theCDMshallbelimitedand
replacedbythedashedclimb/divemarker(Figure2b).TheCDMordashedCDMshallbevisiblewithinthe
display’sIFOVatalltimes.

I I
t-

10mr

FIGURE2. a. Climb/divemarker(CDM).

2.5mr

+lT

A A
2.5mr

T

+- r 2&r
*lOmr+lOmr+~

FIGURE2. b. Dashedclimb/divemarker.
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4.2.1.2 Flight path marker. The flight path marker (FPM) (Figure 3) shall indicate the actual flight path of

the aircraft when read against the outside world. The symbol shall be quickened and free to move within the
limits of the HUD’s total field of view (TFOV),

T
1.66 mr

k 334”’+ 333””+

FIGURE 3. Flight path marker,

I 4.2.1.3 Climb/dive ladder. The climb/dive ladder (CDL) shall display the aircraft’s climb/dive and roll

angle when read against the CDM. The CDL shall be a continuous scale consisting of the true and ghost
horizon lines, climb/dive bars with numerical labels, and the zenith and nadir symbols. CAUTION: Pitch

reference ladder horizon is no longer accurate to the real world.

4.2.1.3.1 Horizon line. The horizon line shall be incorporated into the CDL scale at the zero climb/dive

angle position to provide a horizontal reference point. The horizon line shall be a bold line that extends the

entire width of the HUD TFOV with a 32-mr gap in the center. The horizon line shall be occluded by the speed
and altitude scales. The horizon line shall be displayed whenever il is wifhinthe limits of a circle defined by the

IFOV. Otherwise, the ghost horizon fine shall be displayed.

The ghost ilorizon line (GHL) shall provide a horizon reference anytime the true horizon line isoutsidethe

limits of the IFOV. The GfiL shall be presented as a bold, dashed line extending the entire width of the HUD

TFOV. The line shall be positioned on the tangent of a circle about the center total field of view (CTFOV) and
parallel to the horizon. Whenever the CDM is near the GHL, the radius of the circle shall be increased to
maintain a minimum separation of 20 mr between the CDM and GHL.

4.2.1 .3.2 Climb/dive bars. The climb/dive bars make up the CDLto display the aircraft’s climb/dive angle
when read against the CDM. The climb/dive bars shall consist of 11 solid climb bars and 11 dashed dive bars.
The bars shall be positioned at 5-degree intervals from 5 to 30 degrees and atl O-degree intervals from 40 to

80 degrees.

To help distinguish between the climb and dive portions of the CDL, the wings on the dive bars shall be

bent or sloped by one-half of the dive angle they represent.

10
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4.2.1.3.2.1Climbbars. Theclimbbarsshalldisplaytheaircraft’sclimbanglewhenreadagainstthe
CDM.

Theclimbbarsshallconsistoftwo30-mrlinesseparatedbya32-mrgapwith5-mrverticallinesextending
offeachend.Numericallabelsrangingfrom5to80shallindicatethedegreesandshallbelocatedonthelower
leftsideoftherespectiveclimbbars(Figure4).

1+ 30mr +* 32mr +i

&
5mr I—$’5

FIGURE4. 5-degreeclimbbar.

4.2.1.3.2.2Divebars. Thedivebarsshalldisplaytheaircraft’sdiveanglewhenreadagainsttheCDM.
Thedivebarsshallconsistoftwo30–mrdashedlinesseparatedbya32-mrgap.Thebarsshallbebentby
one-halfofthediveangle(e.g.,the40-degreedivebarhas20degreesofslope).Numericallabelsranging
from-5 to-80shallbelocatedontheupperleftsideoftherespectivedivebars(Figures5and6).

I 2.5°
6 mr

FIGURE5. 5-degreedivebar.

*32mr+
‘mr +Sfnr
&J

-80, $mr

+

\ 40°

/’ W’

I FIGURE6. 80-degreedivebar.
I
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4.2.1 .3.3 Zenith symbol.

90 degree climb angle). The

MIL-STD-1787B (USAF)

The zenith symbol (Figure 7) shall display the highest possible climb angle (i.e.,

zenith symbol shall always rotate to point toward the nearest horizon.

T
9 mr

1
27 mr

1

FIGURE 7. Zenith symbol.
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4.2.1.3.4 Nadirsymbol.Thenadirsymbol(Figure8)shallrepresentthelowestpossibledive
90degreediveangle).Thenadirsymbolisalwaysrotatedtopointtowardthenearesthorizon.

angle(i.e.,

mr

FIGURE8. Nadirsymbol.

4.2.1.4Longitudinalaccelerationcue. Thelongitudinalaccelerationcue(LAC),whenreadagainstthe
CDM,shallprovideanindicationoftheaircraft’saccelerationalongitsflightpath(Figure9).

+ 5mrl+

FIGURE9. Longitudinalaccelerationcue.
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4.2,1.5 Speed worm. The speed worm (Figure 10) shall indicate deviation from the aircraft’s on-speed

angle of attack. This symbol shall be located on the left wing of the CDM and remain veflical in relation to the
CDM. The worm is a rectangle that varies in height above or below the CDM wing. The speed worm shall be

displayed when the HUD is in instrument landing system (ILS) mode or landing gear is down.

~ ~ 26

Speed Worm Heighl

L

FIGURE 10.

“t---
Speed worm.

4.2.1.6 Aircraft Ditch reference symbol. The pitch reference symbol (also known as the miniature

aircraft symbol) shall be in a fixed location on the display, referenced to the aircraft fuselage datum. The apex

of the W shall be aligned with the wings and the symbol shall be laterally centered. Occlusion priority is high.
(Figure 11)

~lorn,~

~ 30mr ~

FIGURE 11. Aircratt pitch reference.
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4.2.2 Scales.Scalesshallbeusedtodisplaytheaircraft’sspeed,barometricaltitude,heading,andbank.
Allscales,exceptthebankscale,shallbepositionedagainstthe~eft-andright-handreferencepoints(1.J-IRP
andRHRP).ThebankscaleshallbecenteredaroundtheCTFOV.

4.2.2.1Airspeedscale.Thespeedscale(Figure12)shalldisplaytheaircraft’scurrentandcommanded
speeds.Thespeedscaleshallconsistofadialwithindex,commandedspeedcaret,andvariousreadouts.
Thereadoutsshallincludethecurrentspeedandappropriatecommandedspeeds.Thecenterofthespeed
dialshallbepositionedattheLHRP.Thetypeofairspeeddisplayed(indicatedorcalibrated)shallbethat
whichtheaircraftisnormallyflownandshallnotincludeanyassociatedletters.Thisdisplayshallbepresented
fulltimeontheprimaryflightreference(PFR).

Thecurrentspeedshallbedisplayedasadigitalreadoutatthecenterofthedial.Thecommandedspeed
readoutsshallbedisplayedabovethedialwheneverthedifferencebetweenthecurrentspeedandthecom-
mandedspeedisgreaterthan40knots.Thecommandedspeedcaretshallbedisplayedonthedialwhenever
theaircraft’sspeediswithin40knotsofthecommandedspeed.

140A

■

■

●

253
■

9

■

■

●

a. Currentandcommandedspeedsdisplayed.

FIGURE12.

9

8

150

●

■

●

bA

b.Currentspeedandcommandedspeedcaret
displayed.

Airspeedscale.
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4.2.2.1.1 Airspeed dial. The speed dial (Figure 13) shall consist of 10 dots equally spaced around an

18-mr circle with a 7-mr index located 9 mr from the center of the dial. The index shall make one complete
clockwise revolution for every 100 knots of increasing speed. The center ot the speed dial shall be positioned

at the LHRP.

.

.

.

t

18mr

‘k

36”

I ,~ LHRP

/
9 mr

/

\

7 mr

● \

.

.

FIGURE 13. Speed dial.

4.2.2.1.2 Airspeed readout. The speed readout, composed of three digits, shall be displayed in the
center of the speed dial. All digits shall be full size (7 mrhighby4 mr wide), and leading zeroes shall be

displayed as blank spaces. The resolution of the display shall be to the nearest knot.

999
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4.2.2.1.3Commandedspeedcaret. Thecommandedspeedcaret(Figure14)shallpointtothecom-
mandedspeedwheneverthedifferencebetweenthecurrentspeedandthecommandedspeedislessthan40
knots.Thecaretshallbelocatedontheoutsideedgeofthespeeddialpointinginward.

A60percentsizedlettershallappearnexttothecarettoidentifywhichcommandedspeedisbeingindicated
bythecaret.

FIGURE14. Commandedspeedcaret.

4.2.2.1.4Commandedspeedreadouts.Thecommandedspeedreadoutsshalldisplaythevarious
commandedspeeds.Areadoutshallbedisplayedwheneverthedifferencebetweenthecurrentspeedand
thecommandedspeedisgreaterthan40knots.Thereadoutshallbepositionedabovethespeeddial,
followedbyitsletteridentifier,andshallbe60percentoffullsize.

140A

I

17

Licensed by Information Handling ServicesLicensed by Information Handling Services



MIL–STD-1787B (USAF)

4.2.2.2 Altitude SCale. The altitude scale (figure 15) shall display the aircraft’s current and conlmanded
altitudes and the aircraft’s venical velocity. The altitude scale shall consist of a dial with an index, an altitude

readout, a commanded altitude caret, commanded altituds readouts, and a venical velocity arc. The com-

manded altitude caret shall be displayed whenever the aircraft’s altitude is within 400 ft of the commanded
altitude, and the vertical velocity arc is displayed whenever the CDM is limited. The altituds dial shall be

positioned at the RHRP.

770s
2500C

.. .
.

--880 “
. .

. .

.

a. Current and commanded altitudes and
vertical velocity arc displayed; CDM limited.

FIGURE 15.

.

. .

“\780 -

.

S7 .
.

.

.

b. Current altitude and commanded altitude
caret displayed.

Altitude scale.
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4.2.2.2.1Altitudedial. Thealtitudedial(Figure16jshallconsistof10bolddotsequallyspacedarounda
25-mrcircleanda 10.5-mrindexlocated12.5mrfromthecenterofthedial.Theindexshallmakeone
completeclockwiserevolutionforevery1000feetofincreasedaltitude.Thecenterofthedialshallbelocated
attheRHRP.

●

●

▼

25mr

RHRP / >0

d12.5mr

&

\

10.5mr
● \

●

●

FIGURE16. Altitudedial.

4.2.2.2.2Altitudereadout.Thealtitudereadout,composedoffivedigits,shallbedisplayedatthecenter
ofthealtitudedial.Whenevertheaircraft’saltitudeisgreaterthanorequalto10,000ft,thetwoleadingdigits
(thousands)shallbedisplayedfullsize(7mrhighby4mrwide)andtheremainingthreedigits(hundreds,tens
andunits)shallbedisplayedat60percentoffullsize.Theresolutionofthedisplayshallbetothenearest
hundredfeet.

10000
Whentheaircraft’saltitudeislessthan10,000ft,allthedigitsshallbedisplayedfullsize.Leadingzeroesshall
bedisplayedasblankspaces.Theresolutionofthedisplayshallbetothenearesttenfeet.

9870
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4.2.2.2.3 Commanded altitude caret, Thecomnlarldeda ltitudec aret( Figure Iflshall point tothecom-
manded altitude whenever the difference between the current altitude and the commanded altitude is less

than 400 feet. The caret shall be located on the outside edge 01 the altitude dial pointing inward.

FIGURE 17. Commanded altitude caret,

4.2.2.2.4 Commanded altitude readouts. Thecommanded altitude readouts shall display the various

commanded altitudes. A readout shall be displayed whenever the difference between the current altitude and
acommanded altitude isgreater than 400 feet. The readouts shall repositioned above the altitude dial.

All digits shall be 60 percent of full size with leading zeros displayed as blank spaces. The resolution of the

display shall be to the nearest foot. The last readout shall be positioned 40 mr above and 10 mr left of the
RHRP. Preceding readouts shall bepositionedaf 10-mrincrements above their following readouts.

1500 s
600 D
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4.2.2.2.5Verticalvelocityarc. Theverticalvelocityarc(Figure18)shalldisplaytheaircraft’svertical
velocitywhenreadagainstthealtitudedial,Theverticalvelocityarcshallbeaboldarcthatisdisplayed
whenevertheCDMislimited.Duringaclimb,theamountofverticalvelocityshallbedisplayedbyaboldarc
thatstartsatthe9o’clockposition(750ft)andextendsintheclockwisedirectionalongtheupperarcofthe
altitudedial.Duringadive,itshallextendinthecounter-clockwisedirectionalongthelowerarc.

2000ft/min

1000ft/min

4000ftimin

●

●

FIGURE18. Verticalvelocityarc.

Inadditiontotheverticalvelocitytrendinformation,itisrecommendedthatadigitalreadoutofverticalvelocity
alsobepresentedjustbelowthealtitudescale.

Vv–1500
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4.2.2.3 Heading scale. The heading scale (Figure 19) shall indicate the aircraft’s magnetic heading and

shall consist of a horizontal scale and a lubber line. The lubber line shall indicate the aircraft’s magnetic
heading when read against the horizontal scale. The center point of the heading scale shall be located above

the midpoint of a line connecting the LHRP and RHRP.

1 FIGURE 19. Heading scale.

4.2.2.3.1 Horizontal heading scale. The horizontal heading scale (Figure 20) shall be a continuous
scale that moves left and right indicating aircraft heading when read against fixed lubber line. The scale shall
consist of 5-mr, vertical tic marks every 10 degrees and 3-mr, vertical tic marks every 5 degrees. A minimum of

30 degrees shall be displayed and the scale compressed at a 5:1 ratio. Two-digit numeric labels that range
from 01 to 36 shall be positioned above the 10-degree tic marks indicating 10 to 360 degrees of heading.

I
,~; ‘l’R’ ‘ ‘ ‘ ‘

5 mr
17.5 mr

FIGURE 20.

3 mr

Horizontal heading scale.

4.2.2.4 Bank scale. The bank scale (Figure 21) shall display the aircraft’s bank and sideslip. The bank

scale shall consist of a curved bank scale drawn around the CTFOV and a banldsideslip pointer.

FIGURE 21. Bank scale with 20” right bank.
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4.2.2.4.1Curvedbankscale. Thecurvedbankscale(F;gure22)shallconsistofacenterindexandthree
ticmarksat10-degreeintervalsoneithersideoftheindexrepresenting10.20.and30degreesofaircraft
bank.Whentheaircraft’sbankangleisgreaterthan25degrees,additionalticmarksshallbedisplayedatthe
45-degreeand60-degreepositionsonthesamesideofthescaleasthebankfsideslippointer.Likewise,when
thebankangleisgreaterthan55degrees,additionaltic marksshallbedrawnat the90-degreeand
135degreepositions.

TheradiusofthebankscaleshallbecenteredabouttheCTFOV.IftheCDMcomeswithin20mrofthezero
bankindex,thebankscaleshallbeloweredtomaintainthe20-mrseparationbetweentheCDMandthescale

\ / /
135” 70mr 135°

/
CTFOV

— 90” 9cjo—

0600 600>
45°

/
45°

30° 30° \

2mr
+ 1+

/
20° ,0.20°
/ ;oofl , \

\

$
TcLength

10,20,and45
3mr

30,60,90,and135
5mr

FIGURE22. Cwvedbankscale.

4.2.2.4.2Bank/sideslippointer.Thebanldsideslippointer(figure23)shallbedividedintotwosections:
atriangleshapeduppersectionandatrapezoidshapedlowersection.Theuppersectionshallindicatethe
magnitudeanddirectionofrollwhenreadagainstthecurvedbankscale.Thelowersectionshallindicatethe
magnitudeanddirectionofaircraftsideslipwhenreadagainsttheuppersection.

Whentheaircraftisatwings-levelflight,thebanldsideslippointershallbepositionedbelowthecenterindexof
thecurvedbankscalewiththetipofthepointertouchingthebottomofthecenterindexofthescale.Asthe
aircraftbanksintheclockwisedirection(rightwingdown),thepointershallmoveanequalnumberofdegrees
aroundthecurvedscaleinthecounter-clockwisedirection;likewiseforaleftwingdownbank.Thepointerhas
unlimited360-alsosuggestdegreemovementabouttheCTFOVandisrotatedforallbankanglestopoint
towardtheCTFOV.
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The lower section shall be positioned relative to the upper section by ttle amount of sideslip. For example, with

30 degrees of right bank and a sideslip of 3 degrees to the right the upper section is rotated to the 30-degree

I tic and the lower section is rotated 33 degrees

T
3 mr

+

3 mr

L

FIGURE 23. Bank/sideslip pointer.

4.2.3 Navigational symbology. The navigational symbology Shall provide the pilot with location and

steering information to return to a designated flight path or course. The symbology shall consist of a course

deviation indicator (CDI), a vertical deviation indicator (VDI), flight director steering bars, and a tactical air
navigation (TACAN) indicator. The CDI, VDI, and steering bars shall be positioned relative to the CDM. The

TACAN indicator shall be positioned relative to the CTFOV.

4.2.3.1 Course deviation indicator (CDI). The course deviation indicator (F;gure 24) shall display the

selected course and the magnitude and direction of deviation. The indicator shall be centered around the
CDM and shall consist of a scale and a pointer. A numerical readout of the selected course should be provided

on the display.

The scale shall consist of four dots with a mwimumof 2 dots being displayed at any onetime. Thepointershall

be read against the CDM and CDI scale. The pointer and scale shall rotate about the CDM to indicate the

selected course.

04--)-0

FIGURE 24. Course deviation indicator.
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4.2.3.1.1CDIscale.TheCDIscale(Figure25)shallcontainfour3-mrcircles,ordots,withamaximumof
twodotsbeingdisplayedatanyinstance.Oneithersideofthescale,theinnertwodotsshallbelocated15mr
fromthecenterandeachouterdotlocatedanother15mrfromtheinnerdot.TheCDIscaleshallbecentered
upontheCDMandshallbefreetorotateafull360degreesabouttheCDM.

Whenthedeviationismorethanoneandone–halfdots,twodotsshallbeshownonthesamesideoftheCDM
astheCDIpointer.Whenthedeviationisbetweenone–halfandoneandone–halfdots,theinnertwodotson
eachsideoftheCDMshallbeshown.Nodotsshallbeshownwhenthedeviationislessthanone–halfdot.

FIGURE25. CDIscale.

4.2.3.1.2CDIpointer.TheCDIpointer(Figure26’)shallindicatecoursedeviationwhenreadagainstthe
CDIscale.

5.4mr + *,

60 mr

A
4mr

●

FIGURE26. CDIpointer.
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I
I

4.2.3.2 Vertical deviation indicator (VDI), The Vertical Deviation Indicator (VDI) (Figure 2i’I shall dis-
play the magnitude and direction of the aircraft’s veflical deviation from the desired glidepath.

The indicator shall consist of a scale and a pointer. The pointer shall be read against the scale. For ILS

glideslope, one dot of pointer deflection represents 0.35 degrees of glideslope deviation.

The VDI shall be located to the right of the CDM and shall move vertically with it.

o

o

0

FIGURE 27. Vertical deviation indicator.
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I

4.2.3.2.1VDIscale.TheVDIscale(Figure28)shallbeusedinconjunctionwiththeVDIpointertoindicate
verticaldeviation.Thescaleshallconsistoffour3-mrcircles,ordots,anda6-mrby2-mr,open–centeredbox.
Thedotsshallbelocatedtwoaboveandtwobelowthebox.

O >3 mr

o

FIGURE28. VDIscale.

4.2.3.2.2WYpointer.Theverticaldeviationpointer(Figure29)shallindicateverticaldeviationwhen
readagainsttheVDIscale.ThepointershallbelocatedontheleftsideoftheVDIscalepointingtotheright.

T
5.4mr

L

FIGURE29. VDIpointer.
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4.2,3.3 Flight director steering bars. The two flight director Steering bars, bank steering and pitch steer-

ing (F;gure 30), shall indicate the amount and direction of the flight director roll and pitch steering error

respectively, when read against the CDM. As the pilot rolls and pitches in the direction of the bars, the steering
errors decrease and the bars move toward the CDM. The aircraft is at the commanded roll and pitch angles

I when the bars are positioned on the CDM. Both bars shall be80 mrin Iengthanddisplayed wheneverthe HUD

is in ILS mode. The movement of the bars shall be limited to 2.5 degrees.

t
Pitch Steering Error

Weeri”g”’rr””

FIGURE 30. Flight director steering bars.

4.2.3.4 Bearing (VOR/waypOiht) indicator. The bearing indicator (Figure37) shall display the relative

bearing to the selected navaid station and the radial from the station. The indicator shall consist of a bearing
pointer, reference wings, and a readout. The pointer shall move about the center of the indicator to show the

relative, magnetic bearing to the navaid station. The readout shall dkplay the magnetic radial from the station.
The pointer shall be removed and the readout shall display XXX whenever the navaid receivers not receiving

a signal.

The indicator shall be displayed in TACAN and ILS modes and shall be located in the upper right corner of the
IFOV.
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– 086–
FIGURE31. Bearingindicator.

4.2.3.4.1Bearingpointer.Thebearingpointer(Figure32)displaystherelativebearingtotheselected
navaidstation.Thepointershallbelocated20mrfromthecenterofthebearingindicatorandshallbefreeto
rotateafull360degreesaboutthecenter.Ifthenavaidreceiverisnotreceivingasignalfromastation,thenthe
pointershallnotdisplay.

10mr

I

5 mr

+—.

A
FIGURE32. Bearingpointer.

4.2.3.4.2Referencewings.Thebearingpointerreferencewings(Figure33)displayareferencepoint
againstwhichthebearingpointercanberead.Thewingsshallconsistoftwo8-mrhorizontalbarsthat
representtheaircraft’swings.Thebarsshallbelocated10mrfromthecenteroftheindicator.

FIGURE33. Referencetics.
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4.2.3.4.3 Radial readout. The radial readout shall display magnetic radial from the selected navaid to the
nearest degree. The readout shall consist of a 3-digit number, full size, with the leading zero shown. The

I
readout shall display XXX whenever the navaid is not receiving a signal. The readout shall be located at the

center of the bearing mdlcator

‘ 086 or XXX

4.2.4 Mission symbology

4.2.4.1 Acquisition cursor, air-to-air (A/A). This vertical situation display (VSD) symbol shall be dis-

played in all search modes to enable manual target designation. The dimensions of the AIA cursor shall be

scaled to the target symbol size (Figure 34).

1# #

II

10 mr or symbol size—

Cursor must not mask symbols on display

—

‘r
FIGURE 34. Acquisition cursor A/A.

4.2.4.2 Acquisition cursor, air-to-ground (A/G) B-scope. This head down symbol shall be displayed

I with a B-scope presentation to indicate IP or target location in range and azimuth (Figure 35)

i?JIbn7I

Note: Bar Ien th
is equa ?
to display

designate target
size

or 1P during
search mode

Note: During search, only

L’

Horizontal bar

vertical bar is present
and it scans the scope

Vertical bar

FIGURE 35. Acquisition cursor, A/G B-scope.
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4.2.4.3
position

Acquisitioncursor, A/GPP1-scope.Thisheaddownsymbolshallbedisplayed
indicator(PPJ)scopepresentationtoindicateIPortargetlocationinrangeandazimuth

witha plan
(Figure36).

_.-— — ___
//

0’,0’/
-------

Acquisitioncursor

1200Sectorscan

FIGURE36. Acquisitioncursor,A/GPP1-scope.

4.2.4.4Aimingreticle,stadiametric.Thissymbolshallbeusedforstadiametricranging.Itshallbea
variablediametercirclesurroundinga -mrdiametercircleand -mrdiameterpipperdot
(Figure37).

Variablediametercircle

6-mrdia.circle
l-mr pipperdot

FIGURE37. Aimingreticie,stadiametric.
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4,2.4.5 Aiming retiCle, standby. This symbol shall be used for manual weapons delivery missions. It

shall have diameter and diameter dashed 0Cta90n5 centered arourld a_ .— pipper

dot (Figure 38).

/,=,;:;::::.

I II
I–mr pipper dot

\’:’/

FIGURE 3& Aiming reticla, standby

4.2.4.6 Allowable stearing error (ASE) circle and steering dot fOr A/A attack. The ASE circle and the

steering dot shall be used as A/A radar dkplay features designed to provide either lead angle collision or

pursuit steering depending on the phase of an attack. The circle shall vary in size with respect to target range
and target aspect angle (TAA) (Figure 39).

2 mr dot
/

Variable diameter circle

0

0

FIGURE 39. Allowable steering error (ASE) circle
and stearing dot (A/A attack).
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4.2.4.7Antennaazimuthandelevationmarkers.Thesecaretsshallindicatethecurrentradarscan
positionsonaVSD.Atlock-on,theyshallindicatetheazimuthandelevationanglesofthetargetwhenread
againstscales(seeFigure49)ontheedgeofthedisplay.Tickmarksshallbeevery degrees,and
numerics,every tickmark.(Figure40)

FIGURE40. Antennaazimuthandelevationmarker.

4.2.4.8Azimuthsteeringline(ASL). Thissymbolshallbedisplayedrelativetotheheadingscaleand
shallprovideasteeringreferencewithrespecttotheFPM.TheASLshallberesolvedverticallyintheground
axeswithrespecttothegroundstabilizedreferencepoint(forexample,targetorsteerpoint)(Figure41).

AtG

Solutioncue

ASL(sizedependson

TD(CCRP)
A/\

<’ ‘>\ /.Jv

display

FIGURE41. Azimuthsteeringline(ASL).

VFOV)
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4.2.4.9 Beacon symbol (steerpoint symbol, destination SyMbol, initial point (1P) symbol). This
symbol is displayed on ttle head-down and head-up displays. This symbol shall be used for navigation,

fixfaking, weapon delivery and tanker rendezvous to display the range and bearing of steerpoints or coded

beacon replies from ground-based or airborne beacons (Figure 42).

“o-12mr

FIGURE 42. Beacon symbol (steerpoint symbol, destination symbol, initial point symbol)

I

4.2.4.10 Bombfall line (BFL). The bombfall line shall extend between the FPM and aiming pipper (impact

point) and shall approximate the trajecto~ that the weapon assumes to the target (Figure 43).

I
L,. .,

,,
-4, —.

‘.. .~

\

-——

BLF length determined
by fire control computer

Solution cues

\

l__l
L- _J Pullup cue

A
.

/
< ‘2 CCIP Pipper

. .,
‘v

FIGURE 43. Bombfall line (BFL).
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I
4.2.4.11Breakawaysymbol.Thissymbolshallbedisplayedatminimumweaponreleaserangeand/or
uponreachingtheminimumsafepull-outaltitudeduringA/Gweapondelivery.Thissymbolshalltlashat5Hz
whennecessarytoindicateaneedforimmediatepull-upoftheaircraft(Figure44).

mrline

I

FIGURE44. Breakawaysymbol.

length

4.2.4.12Continuouslycomputedimpactline(CCIL).Thissymbolshallbeusedtodisplayarangeof
simulatedbulletpointsassociatedwithflightconditionsduringsnapshootgunnerysolutions.Bullettime-of-
flight(TOF)pointsshallbemarkedbytickintervalsontheCCILat , — and_ secondsTOF
(Figure45).

I
I-- --Y Gunboresightcross
I

\

0.5-secTOFtick

L 6-mrsnapshootreticle

()
Q

f

1.O–secTOFtick

2’VariablelengthCCIL

7–mrtickmarks 1.5secTOFtick(canalsorepresentgunrange)

FIGURE45. Continuouslycomputedimpactline(CCIL).
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4.2.4.13 Gun cross. This symbol shall be used for gun target tracking on HUDS to indicate the projectile

conversion point (with no corrections) on the aircraft boresight axis Or the projectile position at some distance
corresponding to a normal firing range (for .WG dedicated aircraft). A reticle similar to this cross is used in

I
forward looking infrared (FLIR) and radar presentations to represent field of view (FOV) center or a cursor
(figure 46)

I
-5mr

+13mr*

I FIGURE 46. Gun cross.

4.2.4.14 Lead computing optical sight (LCOS) track line. This line shall provide an azimutll tracking

reference joining the gun boresight cross with the NA aiming reticle. The LCOS lag line symbol shall indicate

the degree of pipper unsettlement (lag), if any, and the diredion the pipper is moving for a settled solution
(Figure 47)

LINE

FIGURE 47. Lead computing optical sight (LCOS) track line and lag line.
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4.2.4.15Pull-upanticipationcue. Thesymbolshallindicateanapproachingpull-uprequirementinFUG
modes.TherollstabilizedsymbolshallbecagedinazimuthandreferencedtotheFPM(Figure48).

L d!’
FIGURE48. Pull-upanticipationcue.

4.2.4.16Radarrangescale.Thisfixedscaleshallbedisplayedafterlock-onoccurs.Themovingcaret
shallindicatetargetrange.See4.3.1foradescriptionofRmax1,Rmax2,andRmin(Figure49).

40~ scale
A t1

80mr
Target
Range>

k +— NoescapezoneI
FIGURE49.

Rtnax1

Rrnax2

- Rtnin

Radarrangescale.
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4.2.4.17 Solution cues, air-to-ground (A/G). These symbols shall indicate when a computed level

~
release or toss release solution is available tor the weapon selected. They shall vary in position alOng the

bombfall line with reference to the FPM. The first optimum weapon release cue shall represent the first or
lower solution to the equation for the selected weapon. As a solution is approached, the cue shall move down

the BFL. The second optimum weapon release cue shall represent the last or upper solution to the equation
for the selected weapon and shall move in the same manner as the first (Figure 50).

\
\

\
\

\
\

20 mr - 2nd cue (level release)
\

\
\ BFL

10 mr - 1st cue (toss)

\
‘\ vA\/. \

<e
\ />

CCIP TD
\/

v

FIGURE 50. Solution cues (A/G).

~

.4.2.4.18 Target designator (TD)/radar lock-on, air-to-air. This symbol shall be displayed when the
radar is angle tracking a target to indicate the antenna line of sight to the target (Figure 5f).

I I , 25–mr square

FIGURE 51. Target designator/radar lock-on.

4.2.4.t9 Target designator, A/G continuously computed impact point (CCIP). This HUD symbol
shall be attached to the BFL and shall represen!the weapon impact point if the weapon is released at that point

in time. CCIP placement shall be based on computer computations (Figure 5.2).

FIGURE 52. A/G CCIP TD.
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4.2.4.20Targetdesignator,A/Gcontinuouslycomputedreleasepoint(CCRP).ThisHUDsymbol
shalldisplayazimuthandelevationofagroundtargetorweaponimpactpoint.Itshallbeslewabletopermit
corrections(Figure53).

8mr

FIGURE53. A/GCCRPTD.

4.2.4.21Targetlocatorline(A/AandA/G). Thissymbolshallindicatelocationoftargetinertialnaviga-
tioncoordinatesorradarantennalookanglewhentargetlock-onoccursatanglesoutsideoftheHUDtotal
fieldofview(TFOV)(Figure54).

I
Targetangle

FIGURE54. Targetlocatorline.
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4.2.4.22 Target identification set, laser (TISL) reticle. This symbol shall be displayed superimposed on

the target when the TISL system is tracking a target. The TISL direction line shall be a dashed line connecting

the TISL reticle to the aiming pipper to facilitate target azimuth alignment and tracking (Figure 55)

●, Pipper or FPM (velocity vector)

FIGURE

-+ -

,ine>.,\, x’- ‘“““
●

TISL reticle, 12-mr lines,
I–mr pipper

30”mr

55. Target identification set, laser (TISL) reticle and direction line.

4.2.4.23 Terrain following (TF) cue. This symbol shall provide vertical TF steering cues. It shall be

displayed relative to the FPM and is normally caged to the FPM azimuth (Figure 5f5.

FIGURE 56. Terrain following cue.

I
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4.3 Symbolsandlayouts.Thesymbolsdefinedinsection4.3shallbedrawnusingthesymbolsshownin
figuresaccompanyingeachparagraphasguidance.

5.3 Symbolsandlayoutsverification.Alldisplaysymbologyinsection4.3shallbeverifiedbyvisual
inspectionoftheshapeanddimensionsofeachsymbolandalphanumericcharacterandafunctionalverifica-
tion(hotbenchtestorflighttest)oftheoperationalcharacteristicsofeachsymbol.Newsymbolsproposedin
lieuofthoseinsection4.3mustprovideajustifiableimprovementinsystemcapabilityandmustbefunction-
allyverified.

4.3.1 Aimingreticle,airtoair. Thissymbolshallbedisplayedduringair-to-air(A/A)combatmodestoaid
invisualtargetacquisition.Subparagraphs4.3.I.athrough4.3.I.kcontainthestandardsymbolswhichshall

I beusedwiththereticletodisplaytargetandweaponparameterstothepilot.(Figures57athrough57k.)

a. Analogclosureratecaret.Thissymbolshallbedisplayedaroundtheinsideperimeteroftheaiming
reticle.Itshallbescaledto perclockpositionwithpositiveandnegativerateslimitedat5o’clock
L____)and7o’clock( ), respectively(Figure57a).

b. Circularanalogtargetrangebar.Thissymbolshalldisplayrangetotargetandshallbescaledto
—or— perclockposition(Figure57b).

I c. Rangeindices.Tickmarksshallbeusedonthereticletodenoteaclockposition(Figure57c).1
d. In-rangemarkers.Thesesymbolsshallbeusedtodisplayminimumandmaximumtargetranges

suitablefortheweaponselected(Figure570’).
I

e. Rm%1referencetick.TheRmaX1symbolshalldenotethemaximumlaunchrangecomputedfromthe
aerodynamicrangeoftheweaponselectedagainstanonmaneuveringtarget(Figure57e).

f. Rm=2referencetick.TheRm=2rangesymbolshallbecomputedforatargetevasivemaneuverat
theterminalphaseofmissileflight(Figure57r9.

g. Rminreferencetick.TheRminrangesymbolshallbecomputedfromtheminimumtimeofflight
requiredformissileguidanceandarming(Figure57g).

1 h. Pipper,NA.This diameterdotshallbeusedinallA/Amodesexceptmissile,whereitisusually
replacedbyamissileseekerheadcircleordiamondatmissileboresight.Pipperpositiondependsonradar
computationsoftargetaircraftrange(Figure57/?).

i. RangeatbulletonesecondTOF.ThistickmarkshalldenotebulletrangeatonesecondTOFor
maximumgunrange(Figure57r).

j. Snapshootreticle.TheA/Asnapshootreticleshallbedepictedasa diametercircle.The
reticleispositionedontheCCILattargetrange(Figure57j).

k. Targetaspectangle(TAA).TAAshalldepictthetargetvelocityvectordirectionsuchthat12o’clock
denotes180-degreedifferencebetweenaircraftandtargetvelocityvector,6o’clockdenoteszerodifference
and9o’clockdenotesthetargetispassinglefttorightinfrontofaircraftnose(Figure57k).
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Missile reticle
variable size
during search

50-mr dia
circle during
trackwx

Missile seeker head
I

line of sight (LOS)
during search o0●

50–mr dia

4 circle during

I
Missile seeker
LOS during
radar track

head ~.
‘racr /

P

1

k.
\

e.

a. . 0 :.

Xi”

Q

●

It.

FIGURE 57. Aiming reticle, air-to-air (A/A).
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4.3.2 Aimingreticle,air-to-ground(A/G).This -mrdiamondreticleshallbedisplayedduringair-
to-groundweapondeliverymodestoenabletargetacquisition.Itshallbecenteredonthepipper.Subpara-
graphs4.3.2.athrough4.3.2.ccontainthestandardsymbolswhichshallbeusedwiththereticletodisplay
targetandweaponparameterstothepilot(Figure58).

a. Targetin-rangebar.Therangebarappearswhenthetargetisinrangefortheweaponselected
(Figure58a).

b. Pipper,A/G.This diameterdotisusedinallWGmodes(Fjgure58b).Pipperposition
dependsonA/Gmodeselected.Itispositionedinazimuthtooneofthefollowingpoints,dependingonthe
weapondeliverymodeselected:

(1)Totheflightpathmarker(FPM)

(2)Totheweaponimpactpoint(CCIP)

(3)TotheHUDdepressionangle(manualsetting)

(4)Totheweaponboresight,e.g.,electro-opticalweapon

(5)To.theIRweaponseekerheadposition.

C. Reticleeyebrows.Theeyebrowsaretwoshortvenical,linescenteredabovethepiPPerat_ and
Theyappearonlywhenthereticleisdepressed— ormore(Figure58c).

c. 5mrReticle~ —
eyebrows ~ — = a.12-mrtargetin-rangebar(A/GGun)

G
8-mrsides

b.l--m pipper
900

FIGURE58. Aimingreticfe,air-to-ground.
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4.3.3 Character fonts. The following types of character fonts, as applicable, shall be used on weapon

system displays requiring alphanumeric information, See .AFG$37213 for the recommended character

sizes for each type of font.

a. Dot matrix font. The font used for dot matrix displays shall comply with fhe following design criteria
(Figure 59a):

(1) The font shall be as similar to the raster-generated font (4.3.3,b) as possible so that character style

can be standardized across electronic displays in the cockpit.

(2) Horizontal and vertical segments or strokes making up each character shall be at least two pixels wide
fo reduce confusion of one character with another in the event of a single row or column failure,

(3) Character height shall conform with the criteria in AFGS-87213.

(4) Character stroke width shall conform with the criteria in AFG987273 except that stroke widfh (SW)
stml be greater than 0.12 h and less than 0.22 h, where h is character height,

An example of a dot matrix font for aircraft cockpit displays is shown in Figure 59a. The 7 x 9 matrix size

shown is the minimum matrix size suitable for use in aircraff cockpit displays. If display size, resolution, and
information density permit, larger matrix sizes with two pixel stroke widths are recommended.

Any proposed font shall be subject to procuring activity approval

FIGURE 59. a. Dot matrix font.
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I

I

b.Raster-generatedfont.Theraster-generatedcharacterfontshallbeusedforweaponsystemdisplays
requiringraster-generatedcharacters.Anexampleofaraster-generatedfontforaircraftcockpitdisplaysis
showninFigure59b.Anyproposedfontshallbesubjecttoprocuringactivityapproval.

m

m m

FIGURE59. b. Raster-generatedfont.
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c. Stroke-written font. This font is the recommended stroke-written character font for weapon system

displays requiring stroke-written characters. Size of font should be scaled in accordance with display resolu-
tion requirements. The slash through the zero is optional where context makes it obvious that it is not the
alphabetic character “O.” Any proposed font shall be subject to Air Force approval (Figure 59c).

‘B CDEF
GI--IIJKL

\

STUVXY
WZ0123
f 56789

FIGURE 59. c. Stroke-written font.
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4.3.4Horizontalsituationdisplay(HSD).TheHSDshallpresentessentialmovingmapanddataframe
informationtobeutilizedforflightandcombatapplication.Theinformationpresenteddependsontherequire-
mentsofthedifferentmodesofoperation.Tab/e/ k amatrixofsuggestedinformationrequirementsand
associatedsymbologyforeachmode(Figure60).

TABLE1. HSDmodeinformationmatrix.

MODE
Take Tf/ Weapon

InformationRequirements off Nav Ta Del Ldg Figure

Map x x x x x 60b
AircraftPosition x x x x x 60a
Heading x x x x x 60a
GroundTrack x x x x x 60a
NavSteer x x x 60a
To/From x x x 60a
TargetPoints/JTIDS x x x 60a
TargetDesignator x x x 60a
FuelRange x* x* r x* Y 60a
DataFrame x x x x x 60a
FuelRangeCircle x* x* x’ x* x* 60a
Time x x x x x 60a

NOTE:Itisrecommendedthatstarreditemsberemovablefromthedisplaybymeansofadeclufter
control.Symbolsthatcanbedeletedbydecluttershouldhaveasecondarywarningwhentheyare
deletedbecauseoffaultydata.

a. Fuelrangecircle.ThissymbolshallbeusedtodisplayfuelrangeontheliSDmap.Thesizeofthe
symboldependsonthechangingfuelrangeandmapscalefactor(Figure6Ua).

b. Compassrose.Thecompassroseshallbeusedtodisplayaircraftheadingandshallbedrivenbythe
aircraftnavigationequipment.InTRACKUPmode,thecompassshallrotatetodisplayaircraftmagnetic
headingwhenreferencedtotheindexatthetopofthedisplay.InNORTHUPmode,thecompassshallremain
fixedwithnorthlocatedatthetopofthedisplay,andaircraftheadingisdepictedbytheaircraftsymbol.Tick
marksshallbedisplayedin -degreeincrementswithaIongertickmarkevery degrees,a
numericinplaceofatickmarkevery degrees,andthelettersN(north),E(east),S(south),W
(west)torepresentthefourcompassdirections(Figure60a).

c. Bearingpointer.Thebearingpointershallbeusedtoindicatethemagneticbearingfromtheaircraftto
theselectedgroundstation(VOR,TACAN,ADF,orINS)(Figure60a).

d. Coursedeviationindicator(CDI)andscale.TheCDIshallbeusedtodisplaytheaircraftposition(via
theaircraftsymbol)relativetoaselectedcourse.Oncethecoursearrowhasbeenset,theCDIshallrotate
withthecompassrose.Full-scaledeflection(2dots)ontheCD!scalevariesasafunctionofgroundstationbut
typicallyrangesfromthree-fourthsofadegreeperdottofivedegreesperdot(Figure60a).

e. Aircraftsymbol.TheminiatureaircraftsymbolontheHSDshallbeusedtorepresentown-shipposi-
tionwithrespecttothenavigationsituation(Figure60a).
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1. Heading marker. The heading reference marker shall be used to provide a reference to the desired
heading, 11is typically used with the autopilot or flight director computer (Figure 60a).

a. To/from svmbol. The to/from ind!cator shall be disDlaved as a triancwlar–shaped POintef. When the

I
. ..

indicator points to the head of the course arrow, it shall indicate that the course selecfed, if properly inter-

cepted and flown, directs the aircraft to the selected facility (Figure 60a)

Fuel
ran e

Y—circ e

Bearin

- -

Course
deviation-
indicator

—

II ❑ 101 ❑ 101❑ 101❑ 101❑ 10
I I I 1 i

FIGURE 60. a. Typical horizontal situation display.
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FIGURE60. b. Arcmapdisplay.
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4.3.5 Head up display (HUD). The HUD shall present essential flight and combat information The
inforrnatioo presented depends on the requirement of the differeni modes of operation. Table II SI1OWScom

I nlon HUD information requirements and associated symbology for each mode (Figure 6ia & 6?b)

TABLE Il. HUDmode information matrix.

Information Requirements

Aircraft Pitch Reference Symbol
Aiming Reticle
Airspeed Display
Allowable Steering Error Circle &

Steering Dot
Alfitude Display
Angle of Attack Error/Speed Worm
Azimuth Steering Line
Bank Angle Scale
Beacon Symbol
Bombf all Line
Breakaway Symbol
Character Fonts
Climb/Dive Angle Scale

Climb/Dive Marker/Flight Path Marker
Continuously Computed Impact Line
Flight Director Steering

Gun Cross
Heading Display
Horizontal & Vetiical Deviation
Lead Computing Optical Sight Line
Longitudinal Acceleration Cue
Missile A!ming Symbol
Pull-up Anticipation Cue
Radar Range Scale
Solution Cues
Steerpoint Index
Target Designators
Target Identtication Set Laser
Target Locator Line
Terrain Following Cue
VerfiCal Velocity Indicator

MODE
Take Tf/ Weapon
off Nav Ta Del Ldg

r

x

x

x“

x
x
r

x

x

x

x“

x’

x’

x’

x’
x

x
x
x’
x

x’
x

x

x
x
x

r

x“

x’

x“
x

x
x
x’
x

x’
x“

x

x
x

x

r
x
r
x

x“

x
x+
x
x
x
x
x“
x’
x“

x
r

x
x
x
x
x
x

x
x
x

x’

Y?

x

x
x

x“

x
x
x

x

x
x

x

x“

Figure

11
17, 3a, 57, 58

12
39

15
10
41
21
42
43
44

59a,b,c
4, 5, 6, 7, 8

45
30

2a,b, 3
46
19

24, 27
47
9

62a,b,c
46
49
59
42

51, 52, 53
55
54
56
18

NOTE: ltisrecommended that asterisked items beremovable from thedisplay by means ofa
decluffer control. Symbols that can be deleted by declutter should have a secondary warning when
they are deleted because of faulty data.
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FIGURE61. a. HUDILSformat.
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FIGURE 61. b. HUD cruise mode.
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4.3.6 Missileaimingsymbol.Figures62athrough62cshallbeusedasapplicableformissileseeker
headpositiononboththeHUDandhead-downdisplaypriortolock-on,duringradarlock-on,andafterpilot
designationoracceptanceofthetargetthemissileseekerislockedon.

a. Missileseekerheadlineofsight(LOS).ThissymbolshallrepresenttheLOSofthemissileseeker
headduringsearch(Figure62a).

FIGURE62. a. MissileseekerheadLOS.

b.Targetlock-on.ThissymbolshallrepresenttheLOSofthemissileseekerheadduringradartrackof
thetarget(Figure62b).

FIGURE62 b. Targetlock-on.

c. Pilotdesignatedtarget.Thissymbolshallrepresentpilotdesignationoracceptanceofthetargeton
whichthemissileislocked(Figure62c).

FIGURE62 c. Pilotdesignatedtarget.
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4.3.7 Runway reference. This symbol shall be used in landing mode to represent the aim point and

toucl~-down point of a runway (Figure 63).

FIGURE 63. Runway reference.
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4.3.8 Verticalsituationdisplay(VSD).TheVSDshallpresentessentialflightandcombatinformation.
Theinformationpresenteddependsontherequirementsofthedifferentmodesofoperation.Table///isa
matrixofsuggestedinformationrequirementsandassociatedsymbologyforeachmode(Figures64a,64b.
&64c).

TABLEIll. VSDmodeinformationmatrix.

MODE
Take Tf/ Weapon

InformationRequirements off Nav Ta Del Ldg Figure

AcquisitionSymbol x x* x* 34
AircraftPitchReferenceSymbol x’ x* x’ x* x* 2a,b
AirspeedDisplay x* x’ x* x* x’ 12
AllowableSteeringErrorCircle& r 39

SteeringDot
AltitudeDisplay x* x Y r r 15
AngleofAttackErrorDisplay x*
AntennaAzimuth&Elevation x* x* r 40

Markers
AttitudeBar x* r x* x* x*
AzimuthSteeringLine x“ 41
BeaconSymbol x x* x* 42
BombfallLine x’ 43
BreakawaySymbol x* x* x* 44
CharacterFonts x* x* x* x* x* 59a,b,c
CourseCommand,FlightDirector x* x* r 30
ContinuouslyComputedImpactLine r 45
FlightPathAngleDisplay x* x Y r x* 3
FlightPathMarker x r x* Y x*
GunCross x* 46
HeadingDisplay x* r r x* r 19
Horizontal&VerticalBars x* w x*
LCOSLine 47
Missile(AimingSymbol) x* 62a,b,c
Pull-upAnticipationCue x* 48
RadarRangeScale x’ 49
SolutionCues x* 59
SteerpointIndex x x x 42
TargetDesignator/RadarLock-On x x x 51
TISLReticle x x 55
VerticalVelocityIndicator x x x 18

NOTE:Itisrecommendedthatasteriskeditemsberemovablefromthedisplaybymeansofa
decluttercontrol.Symbolsthatcanbedeletedbydecluttershouldhaveasecondarywarningwhen
theyaredeletedbecauseoffaultydata.
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FIGURE 64. a. Electronic attitude director indicator (EADI) display format,
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FIGURE64. b. TransportVSD(landingmode).
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FIGURE 64. c. Typical VSD overlay on FLIR video (not shown).

5. VERIFICATIONS

I 5.2 Standard symbols verification. All display symbology requirements in section 4 shall be verified by
visual inspection of the shape and dimensions of each symbol and alphanumeric character and a functional

I verification (hot bench test or flight test) of the operational characteristics and mechanizat ion of each svmbol
using actual system hardware and software.

~
5.3 Symbols and layouts verification. All display symbology in section 4.3 shall be veritied by visual
inspection of the shape and dimensions of each symbol and alphanumeric characferand atunctional verifica-

tion (hot bench test or flight test) of the operational characteristics of each symbol. News ymbols proposed in
lieu of those in section 4.3 must provide a justifiable improvement in system capability and must be function-

ally verified.
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6.NOTES.Thissectioncontainsinformationofageneralorexplanatorynaturethatmaybehelpful,butisnot
mandatory.

6.1 Intendeduse. Thisdocumentisintendedforuseinthedesignofsymbolsusedonelectro-optical
displaysinmilitatyaircraft.

6.2 IssueofDODISS.Whenthisstandardisusedinacquisition,theissueoftheDODISStobeapplicable
tothissolicitationmustbecitedinthesolicitation(see2.1.1).

6.3 Considerationofdatarequirements.Thefollowingdatarequirementsshouldbeconsideredwhen
thisstandardisappliedonacontract.TheapplicableDataItemDescriptions(DIDs)shouldbereviewedin
conjunctionwiththespecificacquisitiontoensurethatonlyessentialdataarerequested/providedandthattheI DIDsaretailoredtoreflecttherequirementsofthespecificacquisition.Toensurecorredcontractualapplica-
tionofthedatarequirements,aContractDataRequirementsList(DDForm1423)mustbepreparedtoobtain
thedata,exceptwhereDODFAR.Supp/emer?t27.475-1exemptstherequirementforaDDForm1423.

ReferenceParagraph DIDNumber DIDTitle SuggestedTailoring

(ListanyapplicableDataItemDescr@tionsinthetailoreddocument.)

TheaboveDIDswerethoseclearedasofthedateofthisstandard.ThecurrentissueofDOD5010.12-L,
AcquisitionManagementSystemsandDataRequirementsContro/List(AMSDL),mustberesearchedto
ensurethatonlycurrent,clearedDIDsarecitedontheDDForm1423.

6.4Internationalstandardizationagreements.Certainprovisionsofthisstandard[maybe]thesubject
ofinternationalstandardizationagreements(/isthereanyapp/icab/einternationalstan-dardsinthetai/ored
document).Whenamendment,revision,orcancellationofthisstandardisproposedthatwillmodifythe
internationalagreementconcerned,thepreparingactivitywilltakeappropriateactionthroughinternational
standardizationchannels,includingdepartmentalstandardizationoffices,tochangetheagreementormake
otherappropriateaccommodations.

6.5 Subjectterm(keyword)list
aiming horizontalsituation
altitude HUD
attitudedirector indicator
bank
bearing

primaryflightreference
pitchreference

climbbar readout
cursor reticle
dial scale
divebar speed
flightpathmarker symbol
fonts target
heading verticalsituation
head-up

6.6 Responsibleengineeringoffice.Theofficeresponsiblefordevelopmentandtechnicalmaintenance
ofthisstandardisASC/ENFC,Wright-PattersonAFB,OH45433-7809.DSN785-8059(Ext.4314);commer-
cial(513)255-8059(Ext.4314).Anyinformationobtainedrelatingto Governmentcontractsmustbe
obtainedthroughappropriatecontractingofficers.

6.7 Changesfrompreviousissue.Marginalnotationsarenotusedinthisrevisiontoidentifychangeswith
respecttothepreviousissueduetotheextensivenessofthechanges.
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I

HANDBOOKFOR
AIRCRAFTDISPLAYSYMBOLOGY

10. SCOPE

10.1 Scope.Thisappendixprovidestheinformationnecessarytotailorsections4 and5 of thebasic
standard(A4/L-STD-l787B)foraspecificapplication.Whenapplicable,alternativesymbologyispresented
withintherationaleandguidancesections.

10.2 Format.Eachrequirementofsection4 ofthebasicstandardisdiscussedinsection40ofthis
appendix.Theorder,paragraphnumbering,paragraphtitles,andtextofsection4areduplicatedinsection40
tofacilitatestudyandtailoring.Thediscussionofeachrequirementisdividedintothreeparts:

a. Rationale–Thereasonwhytherequirementexists;thepurposethattherequirementadvances.

b. Guidance–Instructionsandformulasforsettingthevaluesthatareleftblankinthebasicstandard,or
foromittingtherequirementaltogether.

c. LessonsLearned–Summariesoffieldexperienceconcerningthistechnicalarea

10.3 Responsibleengineeringoffice. Theresponsibleengineeringoffice(REO)forthisappendix
is ASC/ENFC,2335SeventhSt.,Suite6, Wright–PattersonAFBOH45433–7809,DSN785-8059,
commercial(513)255-8059.

20. REFERENCEDDOCUMENTS

20.1Unlessotherwiseindicated,the documentsspecifiedhereinare referencedsolelyto provide
supplementaltechnicaldata.Referenceslistedinsection2ofthestandardareapplicablebutarenotrepeated
insection20.

20.1.1Governmentdocuments

STANDARDS

Military

MlL–STD–l472

MlL–STD–l776

HumanEngineeringDesignCriteriafor MilitarySystems,Equipment,and
Facilities

AircrewStationandPassengerAccommodations
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20.1.2 Other publications

AFFDL–TR–70–1 74. Arra/ysis of Humarr Facfors Data for E/ecfronic F/;g/7t D;sp/ay Sysfems

AS D–TR-81 -5014. A Sirnu/afiorr Study of the Use of JT/DS in Tactica/ Missions.

JANAIR Repori No. 680505. E/ecfronica//y and Opdca//y Generated Aircrati Disp/ays. “A Study of
Standardization Requirements,” May 1988.

WRDC-TR-90–7009. Development of an Enhanced M/L–STD-l 787 Dot Mafr;x’ Fonf. (DTIC #ADBl 51 907)

30. DEFINITIONS, ABBREVIATIONSA NDACRONYMS

I The definitions, abbreviations, and acronyms in section 3 of the standard apply to this appendix. Those listed
below are used only within the supplemental appendix information.

ADI – attitude director indicator
AOA - angle of attack
ARP – aircraft reference point

CSEF – Crew Station Evaluation Facility
INS – inertial navigation system

JTIDS – Joint Tactical Information Distribution System

LANTIRN – Low Altitude Navigation Targeting Infrared for Night
LLLTV – low light level television

MFD – multifuntilon display

NATO – North Atlantic Treaty Organization
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40. REQUIREMENTSANDVERIFICATIONS I
4.1 Informationcontentofthedisplay.Displaysshallpresentinformationneededforallinstrument I

flightmaneuverstoincludetakeoff,navigation,andlanding.Symbolsandsymbolformatsshallbeintegrated
withemphasisonenhancingthepilot’sspatialorientationandsituationalawarenesswhileminimizingdisplay

I

clutter,particularlywhenvisibilityispoor.

REQUIREMENTRATIONALE(4.1)
Displayswhichpresentessentialinformationintheformofamovingdiagramorabstractanimationhave
provenextremelyeffectiveinaidingaircrewperformance.

REQUIREMENTGUIDANCE(4.1)
UseTab/eA–/asguidanceindesigninginstrumentflightdisplayanddeterminingwhatinformationshouldbe
consideredforinclusioninadisplay.Omitmissionsegmentsanditemsofinformationwhichdonotapplytothe
systeminquestion.If it seemsnecessarytoaddotherinformationtothedisplay,symbologyshouldbein
accordancewiththisstandard.

TABLEA-1. Datarequiredduringspecificinstrumentflightmaneuvers.

.egend:
X=AlwaysrequiredforthismaneuveronsinglemediumPFR
M/G=RequiredonlyforMLSorGPScurvedpathprocedure
S=Requiredonlyifthisdataisnotinviewelsewhereinthecockpit(singlesource)
R=Stronglyrecommendedforthismaneuver

Notes:
1. Replacedbypitchandverticalvelocitywhentheciimb/divemarker(CDM)isinvalidorunavailable.
2. VerficalvelocityaddedtothedisplaywhentheaircraftisinahighAOA,CDMlimitedcondition.
3. Requiredonlyondisplaysthataredesignedtoconformtoanoutsidevisualsceneordisplay

(e.g.,HUD,FLIRorRadarimageryoverlays).
4, Requiredonlyforaircraftwhichrequirethisdataduetoaircraftlimitations,asymmetricdrag/thrust.
5. NotrecwiredforPARapproaches.
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REQUIREMENT LESSONS LEARNED (4.1)

I 4.1.1 Primary tlightreference (PFR)data. Allpilotcrew stations fromwhich apilotisto control anaircraft

shall have at least one complete set of PFR data meeting the following requirements: A PFR shall provide the
pilot flying the aircraft with the information required to accomplish an instrument maneuver during a mission

segment and shall enable the pilot to maintain attitude awareness and to recover from an unusual attitude. A
single-medium primary flight reference shall present fhe required information on a single medium such as a

multifunction display, head-up display, or helmet-mounted display. The PFR shall be a prominent, centrally
located display.

a. Location. Acomplete setofprima~ flight datashall represented either headupor headdown at all

times. If the primary flight data is located head up, a head-down presentation shall be immediately available

from only onehands-on switch acfionby the pilot. Ahead-up PFR shall subscribe to Iocation criteria for
head-up displays. The head-down PFR shall be centrally located within the pilot’s normal scan pattern on the

instrument panel, Vertical stacking on top of the primary navigation display is preferred; however, a

side-by -side arrangement withthe PFRonthe leti is acceptable. lfbotha head-up andhead-down PFR are
presented, the head-down PFR shall be located on the instrument panelas previously desctibed and within
25 degrees of the horizontal axis of the center of the HUD field of view (FOV) (Figure la).

; Verfical Axis

25 “

Field

of

, Horizontal Axis

,’
,’

,’
<’
‘.

.. -.+ . . . ----- ----

FIGURE 1. a. Preferred location ofhead-up andhead-down primaW flight reference displays.
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b. Criticalflightdata.APFRshallalwaysprovidethefollowingcriticalflightdata:

(1)Climb/diveangle(pitchandverticalvelocityifasinglesymbolrepresentingtheclimb/diveangleis
invalidorunavailable)shallbecentrallylocatedwithinthePFRandshallprovidethecrewmemberwitha
minimumcoverageangleof

(2) Bank
(3)Altitude
(4)Airspeed

c. Dataforinstrumentmaneuvers.Whenthefollowingdataisrequiredforaninstrumentmaneuverit
shallbeprovidedinthePFR:

(1) l-leading
(2)Bearing
(3) Distance
(4)Lateralandverticaldeviationfromaselectedcourseandglidepath
(5) Flightdirectorandanindicationofabsolutealtitude(categoryIIandIllapproaches)
(6)Angleofattack

(a)andsideslip
(b)whenrequiredbyaircraftdesign

d. Supplementalflightdata.ThefollowinginformationisnotrequiredinthePFRbutshallbeinthe
viewingareaofthepilotflyingtheaircraft:

(1) Powerindication
(2)Altimetersetting(whenmonitoringbarometricaltitude)
(3)Selectedcourse
(4)Timing

e. Non-PFRdata.Additionalinformationincludedonthedisplay(s)containingthePFRshallnot
interferewithmaintainingattitudeawarenessorrecoveringfromanunusualattitude.

f. Failureindication.FailureindicationofanyrequireddatashallbeprovidedinthePFR.

g. Declutter.Symbolsthatcanbedeletedbydeclutteringshouldhaveasecondarywarningwhenthey
aredeletedbecauseoffaultydata.

REQUIREMENTRATIONALE(4.1.1)
Thestandardizedcockpitconfigurationsbuiltaroundtheintegratedflightinstrumentsystem(attitudedirector
indicator/horizontalsituationindicator—ADl/HSl)havegivenwayto head-updisplays(HUDS)and
multifunctiondisplays(MFDs).Thesedisplayscanbeprogrammedtoshowinformationinalmostanyform.
Missionspecializeddisplayshavehelpedprovideasubstantialincreaseinweaponsystemeffectiveness.
Thesameflexibilityprovidedbytheprogrammabilityof theHUDSandMFDscreatesaneedforasuitable
standardforsuchdevicestoensurethatessentialflightinformationisprovidedtothecrewmemberinatimely
andeffectivemanner.

REQUIREMENTGUIDANCE

Theflightinformationrequirementsdefinedin4.1.1shallbe includedinallaircraftpilotstations.IngeneraI,
theguidanceprovidedinTab/eA–/shouldserveasabaselinefordevelopmentofflightinstrumentdisplays.
Thetableoutlinesspecificinformationneedstoperformvariousinstrumentmaneuvers.
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The most imporiall attribute of any primary flight reference display is its effectiveness in conveying to the pilot

the current status of the aircraft to ensure safefy of flight. It is not surprisirlg that the atiifude indicator has

proven to be the central instrument of an effective cross-check since it can immediately alert the pilot to an
unsafe flight condition. Current electromechanical ADIS are capable of providing up to 90 degrees of pitch
attitude coverage. Current HUDS are capable of providing up to 20-25 degrees of attitude coverage. This loss

of coveraae when aoina from the ADI to HUD dis~lav of attitude information can ootentiallv reduce the Dilof ’s. . . .
ability to acquire attitude information readily. The HUD field of coverage is limited primarily by technology and
the ability to provide wide field-of-view HUDS. However, the head-down electronic attitude director indicator

(EADI) does not have such limitations and should not be limited to the same coverage angles as the HUD.
Therefore, for head-down PFR presentation, the climb/dive angle display shall present a minimum of +/-30

degrees attitude coverage. Head-up presentation shall provide the maximum FOV attainable with the HUD.

An absolute minimum of +/-10 degrees shall be provided whenever the PFR is being displayed.

Adequate fauft indication is essential for the safe use of any primary flight reference. Presentation of false or
inaccurate primary flight information is unacceptable and places the pilof and crew at significant risk. For this

reason, effective fault indication of failed or erroneous information is mandatory An effective means of fault

idenfificationand presentation forprimaryflight information is to bring the failure to the attention of the crew by

highlighting the offending symbology. This should be accomplished by boxing and crossing out the symbol

I

(Figure lb). Once the fault has been acknowledged by the crew, the fault indication along wifh the erroneous

information should be removed from the display.

.

,
Fault indication

.

■

✎

. .

.

● ✎

✎

Removal of informaffon

after crew acknowledgement

FIGURE 1. b. Positive fault Indication.
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4.2 Standardsymbols. Symbolsforthefunctionsdescribedunder4,2shallhavethegeometryshownin
thefiguresaccompanyingeachparagraphinthestandard.

REQUIREMENTRATIONALE(4.2)
Thesymbolsdefinedinsection4.2arebasedonstandardsymbolswhichhaveevolvedasaresultofflight
tests,operationaluse,andhumanfactorscriteriarelatedtosymbolinterpretabilityonelectronicdisplays.

REQUIREMENTGUIDANCE(4.2)
Thesymbolsdefinedinsection4.2shouldbeusedwheneverpossiblefordisplaysinAirForcefixedwing
aircraft.Itshouldbenotedthatthemajorityofthesymbolsprovidedinsection4.2.1weredevelopedprimarily
foruseinhead-updisplays,althoughinsomecases,theymaybeappliedtootherdisplaymedia.Sincemost
AirForceaircraftuseonlya partoftherecommendedstandards,compromisesarenecessarytomaintain
commonalitywithinanexistingaircraftprogram.Thisstandardshouldstillbeusedtodevelopsymbolsand
formatsfornewsystemsbeingintegratedintoexistingaircraftprograms.

REQUIREMENTLESSONSLEARNED(4.2)
Thedisplaygeneratorchosenforadisplaysystemmayultimatelydictatethetypeofcharactersthatcanbe
displayedbeforesymbologyrequirementshavebeenproperlyidentified.If symbologyprocessing
requirementscannotbemetwiththedisplaygeneratorselectedforthesystem,a compromiseto the
symbologyisnormallymadeinlieuofacostlyhardwaremodification.Suchcompromisesareoftenmadeat
theexpenseofthepilothehicleinterface.Itisimportant,therefore,thatfunctionaldisplayrequirementsare
sufficientlydetailedtoensurethatthecapabilitiesofthedisplayhardwaremeetthefunctionalrequirementsof
thepilotinterface.

5.2 Standardsymbolsverification.Alldisplaysymbologyrequirementsinsection4shallbeverifiedby
visualinspectionoftheshapeanddimensionsofeachsymbolandalphanumericcharacterandafunctional
verification(hotbenchtestorflighttest)oftheoperationalcharacteristicsandmechanizationofeachsymbol
usingactualsystemhardwareandsoftware.

~
VERIFICATIONRATIONALE(5.2)

~
Visualinspectionisadequatetoverifyshapeanddimensionsofeachsymbolandalphanumericcharacter.
f-lotbenchorflighttestsareadequatetoverifytheoperationalcharacteristicsofeachsymbol.

VERIFICATIONGUIDANCE(5.2)
Verificationofthesymbolschosenshouldbeperformedduringhumanfactorstestandevaluationofthe
full-scaledevelopmenteffort.Progressshouldbemonitored,however,fromtheinitialdesignto final
developmentto ensurecontinuedcompliancewiththe requirements.Symbolgeometry,font,format,
dimensions,andmechanizationsarenormallydefinedinthedevelopmentspecificationsforeachofthe
displaysbeingused.Displayresolution,brightness,uniformity,contrast,flicker,noise,minimumline
movement,etc.,aredisplaycharacteristicswhicharespecifiedinAFGS-87213.M/L-STD-i776dealswith
flightinstrumentdisplays,controlpanellayout(legends),andcolorlights.h4/L-STD-1472containsasection
onhumanfactorsdisplayrequirements.

VERIFICATIONLESSONSLEARNED(5.2)

67

Licensed by Information Handling ServicesLicensed by Information Handling Services



I

Ml L–STD-l 787B (USAF)
APPENDIX

4.2.1 Aircraft reference symbology

4.2.1.1 Climb/d ivemarker, Tt7eclimb/dive marker (CDM)(Ffgure 2a)shall display thecurrellt climb/dive

angle when read against a climb/dive ladder. The CDM shall be free to move along the verlical axis within the
instantaneous field ofview(l FOV)topresent theclimb/dive angle accurately. lftheaircraft’a climb/dive angle

requires the positioning of the CDM outside the limits of the display’s IFOV, the CDM shall be limited and

replaced bythedashed climb/dive marker (Figure 2b). The CDMordashed CDM shall bevisible within the
display’s IFOV at all times.

k

A

2.5 mr

T

5 mr I

1

I

FIGURE 2. a.

3’

Climb/dive marker (CDM).

/-7
*

2.5 mr

T

+-2A
~lllmr+lomr+~

FIGURE2. b. Dashed climb/dive marker.

REQUIREMENT RATIONALE (4.2.1 .1)

Pilots have become accustomed to using the HUDasasource of primary flight information. One of the
fundamental benefts of the HUD, andtherefore oneofthe reasons tihasachieved such wide use, is the
presentation of the flighf path marker (FPM) as the primary control reference, Using traditional pitch

referenced dkplays requires the pilots to integrate their pitch attitude, vertical velocity, and angle-of-attack to

determine aircraft flight path. The incorporation of the FPM has eliminated the need for these mental
interpretations byindicating where theaircraft isgoing rather than where it is pointing (i.e., pitch attitude).

The flight-path-referenced HUD has one major deficiency that has, in part, prohibited the adoption of it as a

primary flight reference display by the Air Force. Being a performance-based reference, fhe FPM indicates the
performance characteristics of the aircraft, namely where the aircraft is going. Unlike a pitch reference, which
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indicateswherethenoseoftheaircraftispointingandthuscanbedisplayedasafixedreferencemarker,the
FPM’spositionchangesbasedonthedynamiccharacteristicsoftheaircraft,themaneuveritisperforming,
andtheatmosphericconditionsinwhichtheaircraftisflying(i.e.,winds).

ThisdisplacementoftheFPMcancausetwoundesirableeffects.First,thedisplacementoftheFPMalso
displacesallthesymbolsthatarepositionedrelativetotheFPM(i.e.,instrumentlandingsystem/tacticalair
navigation(lLSiTACAN)symbology,climb/diveladder).Themotionanddisplacementofthesymbolsmake
theHUDsymbologymoredifficulttoread.Inextremecases,crosswindeffectsmaycausedisplacementofthe
FPMto overwriteor interferewiththeinterpretationofotherprimaryflightinformation(i.e.,altitudeand
airspeedscales).Second,duringdynamicmaneuvering,thedisplacementoftheFPMcanmakeitdifficultto
usethesymbolasasourceofattitudeinformation.Infact,underconditionsofhighbankangleandhigh
g-loading,theFPM,alongwiththeclimb/diveIadder,candisappearfromthedisplayleavingthepilotwithno
attitudereferencewhatsoever.

Tocompensatefortheseshortcomingsaquickenedclimb/divemarker(CDM)hasbeenadopted.TheCDMis
similarinfashiontothedriftcutoutmodecurrentlyimplementedintheF–16andF–15.Thisimplementation
maintainsthelateralpositionofthecontrolreference(i.e.,CDM)ontheHUDcenterline.

InasmuchasthecagingoftheCDMtothecenterlineoftheHUDeliminatestheadverseeffectsoflateral
displacementof the controlreference,quickeninghasbeenincorporatedto compensatefor CDM
displacementintheverticalaxis.Quickeningisameansofcompensatingfortheeffectsofaircraftinertiaon
thepositionoftheCDMandFPMwithintheHUDFOVbycalculatinganestimateoftheinstantaneousCDM
displacementcausedbytheselags.

TheadoptionofaquickenedCDMhasseveraladvantagesasaprimarycontrolreferenceascomparedtothe
FPM;theyareasfollows:

a. Theverticaldisplacementofthecontrolreferenceduringaircraftmaneuveringisgreatlyreduced.

b. Thelateraldisplacementofthecontrolreferenceduetosideslipandwindsiseliminated.

c.SincestabilityofthecontrolreferenceisgreatlyenhancedbytheincorporationofthequickenedCDM,
thestabilityofallsymbologyreferencedtotheCDMisalsoimproved.

d. QuickeningoftheCDMmoreaccuratelydisplaystheresultantclimb/diveangleof instantaneous
controlinputsbecausethequickeningfilteristunedtocompensateforthetransientlagsinflightpathcaused
byaircraftinertia.

REQUIREMENTGUIDANCE(4.2.1.1)

Becausetherearesignificantd“tierencesinhowtheCDMandFPMareused,if is necessaryto apply
quickeningdifferentlytoeachtoaccommodatetheuniquefunctionalityofthetwosymbols.

BecausetheFPMisanearth-referencedsymbol,itisimportantthattheincorporationofquickeningdoesnot
causethesymboltolosecorrelationwiththeobjectsorfeaturesoftheoutsidevisualscene.TheCDM,onthe
otherhand,isanaircraft-referencedsymbolservingastheprimarycontrolreferencetothepilot.Inthiscase,
stabilityduringallphasesofflightistheparamountconsideration.Forthesereasons,theFPMshouldbe
quickenedusingpitchattitudefilter,whilethequickenerusedfortheCDMshouldusepitchEulerrateorbody
axispitchratefilterduringup-and-awayflight.However,theaircraftdynamicsduringtheapproachand
landingdictatethattheCDMbefilteredusingapitchattitudequickenerduringthisphaseofflight.

ThereasonforusingthealternativequickenerfortheCDMcanbeeasilydemonstrated.Theprimaryobjective
ofthequickeneristomaintainstabilityoftheCDMduringdynamicmaneuvering.Considerthesituationin
whichtheaircraftisinahard-g,high-bankedturn.Undertheseconditions,thepitchattitudeoftheaircraftdoes
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not change, resulling in little or no quickening compensation if a pitch attitude filter were solely implemented.

Unfortunately, the instantaneous angle of attack (AOA) resulting from the highg turn causes considerable
CDM displacement. A filter that compensates for CDM displacement based on body axis pitch rate would be

able to maintain stability of the control reference during all such phases of aircraft up-and-away maneuvering.

These advantages were demonstrated in evaluations conducted by the Naval Air Test Center which

concluded that during approach and landing, a washed-out pitch attitude filter resulted in superior
performance relative to an unquickened control reference. Meanwhile, a Euler pitch rate filter was more

appropriate for the highly dynamic maneuvers which are more likely to occur during up-and-away flight.

A HUD primary flight reference display, panicularly the type used in fighter/aftack aircraft, should implement

both forms of quickening.

The pitch washout filter (earth axis), Q1, should be used to quicken the FPM and climbkiive ladder at low pitch

angles and to quicken the CDM in landing mode. The pitch rate Ieadfilter (aircraft axis), Q2, should be used to

quicken the CDM in normal flight and to quicken the FPM, climb/dive ladder, and CDM at high pitch angles.

The following set of equations were used during the Ar Force HUD symbology validation program, which

cleared the use of the HUD as a primary flight reference. These equations define the quickening terms CM and
Q2

6 = Aircraft pitch angle
$s Akcraff roll angle

% = Aircraft pitching rate, aircraft axis

G,, G2 = Quickener gains

Q1 = GICOS$ ~, Pitch washout

Q2. G2 %1 Pitch rate lead

where s is the La p/ace complex frequency variable, and z is the time constant that controls the rate of

washout.

According to research conducted by the Royal Aerospace Establishment, in fighter type aircraft, the time

constant z may be assumed to vary as

B
r.A+ v, o

Where: A and B are constants

v, is the aircraft’s true airspeed and
is the relative density ratio

Tuning of the Time Constant

It remains the determine the optimum values for both A and B which provide the best match between the

quickener and the dynamic characteristics of the aircraft over the full flight envelope and range of

configurations and masses of the vehicle.

The method proposed here was originally adopted and implemented by the engineers at the Royal Aerospace

Establishment, Bedford England (Hall and Penwill, 1989) and is as follows:

a. Determiner at two flight conditions widely separated in VIo (See section on tuning of time constant)
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FortheCrewStationEvaluationFacility’s(CSEF,ASC/ENFC,Wright-PattersonAFB,OH)F–16simulator,the
flightconditionschosenwere

(1)Arepresentativenormalattackspeedandconfiguration(i.e.,400knotsat1000to2000ft)

(2)Slowspeed(i.e.,250knotsat1000to2000ft)

b. DetermineAandBfromthetwovaluesofzsodefined

c. Ascertainthattheoperationof thequickenerisdefinedat alternativespeeds,heights,aircraft
configurations,andaircraftmassestoensurethatthevalueofr isadequatelypredictedoverthefullflight
envelopeofthevehicle.

Theprocessoftuningthequickenertimeconstantrequiresthefollowingfacilitycapabilities:

(1)Timeconstant.Thetimeconstantshouldbeprogrammedtovaryas

whereAzisusedduringthetuningprocesstovary~.Thismethodofadjustingcompensatesforsmall
errorsinspeedandheightduringtheaircraftmaneuversusedtotunethequickener.

TheoperatormustbeabletochangethevaluesofA,B,andArwhilethesimulatorisflying.

(2)Quickenergain.Theoperatormustbeabletochangethevalueofthequickenergainwhilethe
simulatorisflying.Inparticular,theoperatormustbeabletochangethequickenergainbetween0.7and1.0.

(3)Fixedcross.TheoperatormustbeabletoselectanddisplayafixedreferencemarkintheHUD
andtopositionthisreferenceanywhereontheverticalcenterlineofthedisplay.

d. Setquickenergainto1.0,constantsAandDeltautozero,andconstantBto300.0

(ThisvalueforBisdesignedtoincreasetherateatwhichthetuningprocessconverges)

e. Selectthefixedreferenceinthedisplay.

f. Stabilizetheaircraftat400knotsand1500ft;movethefixedcrosssothatitoverlaystheCDM.

g. Increasetheflightpathangleby+5degreesusingthequickenedCDMandpitchladder.Notethe
movementoftheaircraftsymbolrelativetothefixedcross.

h. IftheCDMlagsthefixedcross,thetimeconstantistooshortandshouldbeincreased.Similarly,itthe
CDMleadsthefixedcross,Azshouldbedecreased.

i. Repeatstep5usingflightpathchangesof+/-5and+/-1Odegreesandarangeofpitchrates.After
eachtest,allowatleast5secondsforthequickenertostabilizebeforemakingafurtherinput.Itisunlikelythat
allrelativemovementcanbeeliminatedasafirstorderquickenerisbeingusedtomatchahigherordersystem
havingapredominantfirstordermode.Theoperatorshould,therefore,aimtoobtainthebestmatchfora
rangeofinputsofvaryingmagnitudeandrate.IftwovaluesofAtgiveequallygoodmatchesthenthese
alternativesshouldbeevaluatedwiththequickenergainsettoO.7andthevaluegivingthebesthandling
qualitiesshouldbeselected.Theaim,duringthefinaliteration,shouldbeforATtobewithin+/-0.01.

j. Recordthevaluesoftrueairspeed(v[~),relativedensityratio(ol)andArlappropriatetothistest
condition(400knots/1500ft).ProvidedVtland61arerecordedatthesamepointintime,thensmallvariations
inspeedandheightduringthetestmaneuversaretakenintoaccount.
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k. Reset AZ to zero and repeat steps 2 through 7 for 250 knots and 1500 ft.

1. Record values of VIZ,02, and Ar~ for this second flight condition

m. Compute new values for A and B using the following expressions:

71 = hld + [BoIdf(vtI 01)1 + 1 &w = [TI vtI CT–T2 vtz q]/[vtI 61–vu Q]

72= Aold + IB01df(v12C12)I+ AT2 %w = [ZI -ZZI [VII CTIVtZ IS2/(VtI 01 – vt2 CJ2)I

n. Reset ArtO zero and repeat steps 3 through t Owith these new values of A and B until Ar, is less than

+/–0.02 and AZ2is less than +/–0.01 (i.e., r at the two flight test conditions is defined to an accuracy of around
+/–1 percent ).

o. Reset the quickener gain to 0.7 and evaluate the handling qualities of the vehicle at both the above

test conditions.

p. Reset the quickener gain to 1.0. Check the operation of the quickener, by evaluating the relative

movement between the CDM and the fixed reference at a sufficient number of alternative speeds, heights,

aircraft configurations and aircraft masses to ensure that z is adequately predicted over the full operational
flight envelope and range of configurations and masses of the aircraft. Where there is doubt as to the match,

the handling qualities of the vehicle should be evaluated at that condition with the quickener gain set to 0.7.

I As a minimum, the tuning of the quickener should be checked at

~
– Three speeds at three heights to cover the full range of these operating conditions

– Three aircraft masses at one or two critical operating conditions

There is no further opportunity to tune the quickener. if a satisfactory match is not obtained at any operating
condition, then the simple form adopted for the variation of r with flight condition and aircraft configuration

must be reappraised.

q. Reset the quickener gain to 0.7.

Note: The time constant r used in the expression for Q1 should be forced to a small value (e.g., 0.3 see) above

60 degrees absolute theta in order to speed the recove~ of the filter affertheta-dot has changed sign through
the zenith and nadir.

Blending of Q1 and Q2

In o?der to avoid inconsistencies in the climbldive ladder and the flight path matier as the climbldive angle
increases through the zenith and nadir, the quickener used to compensate the ladder and FPM (i.e., QI ) must

I
be blended into a pitch rate quickener (i.e., Q2 ) at the higher cfimb/dive angles. The following terms, B1 and
B2, are used to blend Q1 and Q2 between low and high pitch angles.

I 0191<30”
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Duringnormalflight:

FPMQ=CDLQ=(?1X61+Q2X 62
CDMQ=Q2

DuringILSmodeorlandinggeardown:

FPMQ=CDMQ–CDLQ=Q1X 81 + Q2X B2

CagingoftheCDM

CagingisameansbywhichthelateraldisplacementoftheFPMisrestrictedtoreducetheadverseeffectsof
largebetaanglecausedbyexcessivecrosswindsorsideslip.TheconceptofthecagedFPM(i.e.,climb/dive
marker)astheprimarycontrolreferenceisnotanewidea,asmanycurrentaircraftincludingF–16andF–15
incorporateasimilarfeaturecalleddriftcutout.Thebenefitoftheclimb/divemarker(CDM)anddriftcutoutis
thatitstabilizestheprimaryflightreferencesymbologyonthelateralcenterlineaxisoftheHUDbyremoving
theeffectofbeta(i.e.,driftduetowindsorsideslip).

ThefollowingsetofequationspositiontheFPM,CDM,andclimb/diveladder(CDL).Whenpositioningthe
FPMandCDM,apositiveazimuthangleistotherightoftheaircraftreferencepoint(ARP)andapositive
elevationangleisabovetheARP.

TheFPM’spositionrelativetotheARPisdependentontheaircraft’struevelocityvector.Thefollowing
equationslocatetheFPMasanazimuthandelevationdisplacement,indegrees,fromtheARP.

UA= VelocityXBodyAxis(positivealongaircraftaxis)

VA= VelocityYBodyAxis(positiveoutrightwing)

WA= VelocityZBodyAxis(positivedown)

ThefollowingintermediateequationisusedinpositioningtheCDMandclimb/diveladder:

@=AircraftRollAngle(positiverightwingdown)

VVel= f-PM,l*COS$– FF’Mel● sin~

TheCDM’SpositionrelativetotheARPisdefinedinthefollowingequations:

cx=AircraftAngleofAttack
CDMAZ=0.0
CDMEL= VVELxcos~–cixsin2q+CDMQ

Theclimb/diveladderispositionedrelativetotheCDMusingthefollowingequation:

CDLEL= VVEL++CDLQ

Unfortunately,iftheCDMistoremainfixedontheverticalcenterlineoftheHUDthusallowingnolateral
movementofthesymbol,conformalitybetweentheHUDhorizonlineandtherealworldhorizonlinecannotbe
maintainedduringhigh-drift/high-bank-anglemaneuvers.Onecompromiseis to allowslightlateral
movementoftheCDMtomaintainfull-timehorizoncorrelation.Withsuchanimplementation,theamountof
the lateraldisplacementbecomesa functionof the magnitudeof thebetaangle,bankangleand
angle-of-attacksuchthatmaximumhorizontaldeflectionoftheCDMisachievedwhenthebetaangle,bank
angleandangle-of-attackareallhigh.
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I

wel

~ = Sideslip
WY= vertical wind effects

WY= horizontal wind effects

E= deviation between HUD
and outside horizon

‘wy+Psin$

\+Bs:,=,

o b 90

FIGURE 2. c. CDM caging mechanization.

I
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FIGURE2. d. Alternativecagingimplementation
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NOTE: It is sometimes desirable, if not required, to provide for a fully drifting FPM as the reference for the

climb/dive scale. Specifically during weapons delivery and under some approacll conditions. users have
indicated that their center of reference should be the FPM as opposed to the CDM, Although this approach

significantly increases the dynamics of the display, these limitations can be overcome by the reduced display
clutfer and workload resulting from eliminating the required cross-checking between the CDM and FPM

during ground referenced flight. When the FPM is selected as the center of reference for the display, the FPM

symbol should be presented as full size (i.e., 10 mr diamefer circle, 10 mr wings, 5 mr tail).

REQUIREMENT LESSONS LEARNED (4.2.1,1)

4.2.1.2 Flight path marker. The flight path marker (FPM) (F;gure 3) shall indicate the actual flight path of
the aircraft when read against the outside world. The symbol shall be quickened and free to move within the

limits of the HUD’s total field of view (TFOV).

T
1 66 mr

* 3.34 mr+ 3.33 mr~

FIGURE 3. Flight path marker.

REQUIREMENT RATIONALE (4.2.1.2)

A major drawback to using a strictly caged CDM is the loss of correlation befweenthe aircratfcontrol reference

and the outside visual scene. Pilots have found that, when using a free floating flight path marker, they could
be assured the aircraft would fly toward the point on the ground the FPM overlaid. A compromise between

display stability andconformalitycan be achieved by incorporating a CDM, to which theclimb/dive ladder (i.e.,

pitch ladder) is referenced, and a velocity vector symbol that remains conforms! to the outside visual scene.

When the FPM is displayed simultaneously wifhthe CDM, it has proven necessary to reduce the FPM symbol
to one-third the size of the CDM. simulation trials discovered that using a full-size FPM wilh the CDM was far

too distracting to the pilots, particularly during periods of shifting wind conditions.

REQUIREMENT GUIDANCE(4.2,1.2)

Because of the incorporation of the CDM as the aircraff control reference, the utility of the FPM is most likely to
be Iimited to specific mission phases of flight where flight with reference totheground or ground objects

occurs, such aslow-levei navigation, terrain following, air-to-ground weapons delivery, and approach and
landing during VMC, all of which require control of flight path relative to the ground.

REQUIREMENT LESSONS LEARNED (4.2.1 .2)
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4.2.1.3Climb/diveladder.Theclimb/diveladder(CDL)shalldisplaytheaircraft’sclimb/diveandroll
anglewhenreadagainsttheCDM.TheCDLshallbeacontinuousscaleconsistingofthetrueandghost
horizonlines,climb/divebarswithnumericallabels,andthezenithandnadirsymbols.CAUTION:Pitch
referenceladderhorizonisnolongeraccuratetotherealworld.

4.2.1.3.1 Horizonline. ThehorizonlineshallbeincorporatedintotheCDLscaleatthezeroclimb/dive
anglepositiontoprovideahorizontalreferencepoint.Thehorizonlineshallbeaboldlinethatextendsthe
entirewidthoftheHUDTFOVwitha32-mrgapinthecenter.Thehorizonlineshallbeoccludedbythespeed
andaltitudescales.Thehorizonlineshallbedisplayedwheneveritiswithinthelimitsofacircledefinedbythe
IFOV.Otherwise,theghosthorizonlineshallbedisplayed.

Theghosthorizonline(GHL)shallprovideahorizonreferenceanytimethetruehorizonlineisoutsidethe
limitsoftheIFOV.TheGHLshallbepresentedasabold,dashedlineextendingtheentirewidthoftheHUD
TFOV.Thelineshallbepositionedonthetangentofacircleaboutthecentertotalfieldofview(CTFOV)and
paralleltothehorizon.WhenevertheCDMisneartheGHL,theradiusofthecircleshallbeincreasedto
maintainaminimumseparationof20mrbetweentheCDMandGHL.

4.2.1.3.2 Climb/divebars. Theclimb/divebarsmakeuptheCDLtodisplaytheaircraft’sclimb/diveangle
whenreadagainsttheCDM.Theclimb/divebarsshallconsistof11solidclimbbarsand11dasheddivebars.
Thebarsshallbepositionedat5-degreeintervalsfrom5to30degreesandat10-degreeintervalsfrom40to
80degrees.

TohelpdistinguishbetweentheclimbanddiveportionsoftheCDL,thewingsonthedivebarsshallbebentor
slopedbyone-halfofthediveangletheyrepresent.

4.2.1.3.2.1Climbbars. Theclimbbarsshalldisplaytheaircraft’sclimbanglewhenreadagainsttheCDM.

Theclimbbarsshallconsistoftwo30-mrlinesseparatedbya32-mrgapwith5-mrverticallinesextendingoff
eachend.Numericallabelsrangingfrom5to80shallindicatethedegreesandshallbelocatedonthelower
Ieflsideoftherespectiveclimbbars(Figure4)

32mr ~1

FIGURE4. 5-degreeclimbbar.
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4.2.1 .3.2.2 Dive bars. Thedive bars shall display theaircraft's dive angle when read against the CDM.
The dive bars shall consist of two 30–mr dashed lines separated by a 32-mr gap. The bars shall be bent by

one-hall afthedive angle (e.g., the40-degree dive barhas20 degrees of slope). Numerical labels ranging
from –5 to –80 shall be located on the upper left side of the respective dive bars (Figures 5 and Q.

6 mr

FIGURE 5. 5-degree dive bar.

FIGURE 6.

\
/

40”

\/’

80-degree dive bar.
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4.2.1.3.3Zenithsymbol.Thezenithsymbol(Figure71shalldisplaythehighestpossibleclimbangle(i.e.,
90degreeclimbangle).Thezenithsymbolshallalwaysrotatetopointtowardthenearesthorizon.

FIGURE7. Zenithsymbol.
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4.2.1 .3.4 Nadir symbol. The nadir symbol (F;gure 8) shall represent the lowest possible dive angle (i.e.,

90 degree dive angle). The nadir symbol is always rotated to point toward Ihe nearest horizon.

15’mr

2.5 mr

T

FIGURE 8. Nadir symbol.

REQUIREMENT RATIONALE (4.2.1 .3)

Climb/dive ladder. Two other inherent problems with using the HUD as opposed to a conventional ADI as a

prima~ source of attitude information are 1) the limited field of view of the HUD, and 2) the lack of contrast

provided by the climb/dive ladder in representing positive and negative climb/dive angles, Ladder

compression and formatting techniques were developed in an attempt to counter these inherent weaknesses.

Ladder compression. Aconventional attitude director indicator (ADl)provides thepilot +/-45 degreesot

attitude reference on either side of the pitch reterence symbol, some EADIs are capable of +/-90 degrees. At
best, currenf HUDS are capable of providing +/-13 degrees of climb/dive reference. The effect is the same as

if the pilot were looking at the ADI through a straw; at high pitch rates, the lines of the cIimb/dive ladder pass

through the HUD FOV so fast thaf fimely interpretation of aircraft attitude is nearly impossible,

In an attempt to slow down the rate at which the climb/dive ladder passed through the HUD, the ladder was

compressed. Historically, the climb/dive ladder has been drawn conformal to the outside visual scene,
meaning that the 10 degree fine overlies a point 10 degrees above the horizon. The incorporation of

compression, however, caused the ladder to lose conformality with the outside visual scene. In order to
maintain conformalify with the outside visual scene, the compression ratio of the ladder was mechanized to

change asafun@ion ofclimb/dive angle suchthat theladderwas notcompressed, orl:l ratio withthe outside
visual scene, from 0to+/-5degrees andincreased tineafiyto4,4:l rafiowifh theoutside visual scene atthe

zenith and nadir. Therefora, the ladder remained conformal about the horizon, maintaining conformality

during ground referenced flight such as approach and landing and Iow-leval navigation, and compressed af
larger climb/dive angles where outside correlation was not a high priority.

Ladder format. The second limitation of the HUD in providing sufficient attitude reference is its inherent Iackof

contrast between positive and negative climb/dive angles. In an attempf fo maximize hemispheric asymmetry

several techniques have been adopted.

a) The most universally accepted technique is to dash the ladder lines in the lower hemisphere while the

upper hemisphere lines remain solid.
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b) A second technique adopted is bending the negative climb/dive ladder lines half the climb/dive angle

the line represents (Example: the 20 degree climb/dive line should be articulated at a 10 degree angle relative

to the horizon line). At higher climb/dive angles, the lines forma funnel pointing toward the horizon; this effect
is enhanced by placing the horizon pointing tabs on the inside of the ladder lines. This technique not only

provided asymmetry between hemispheres, but also gives the pilot a sense of relative magnitude of dive

angle (e.g., the greater the articulation, the greater the dive angle).

The incorporation of the ladder articulation for the negative lines further enhances the asymmetry between

nose up and nose down. [n addition, the magnitude of bend provides a gross indication of the severity of dive

angle.

Ladder Numbering. Traditionally, flight path ladders’ numbers are placed on bot h sides of the ladder. This was

required because the drift of the flight path marker often caused one side of the ladder to drift outside the FOV

of the HUD or the lose of the ladder during high angle-of-attack banked maneuvers. When flying a quickened

and caged CDM, the ladder does not drift away from the center of the HUD, thus the requirement to number

both sides of the ladder is eliminated. Furthermore, placement of ladder numbers on only the left side of the

ladder provides an additional cue to roll orientation: if the numbers appear on the right, the aircraft is inverted; if

the numbers appear on the left, the aircraft is upright.

REQUIREMENT GUIDANCE (4.2.1 .3)

The spacing of the CDL bars is compressed from a 1:1 ratio to a 4.4:1 ratio. The horizon line and the 5 degree

climb/dive bar are spaced at a 1:1 relationship wifh the outside world. The compression ratio then increases
linearly to a 4.4:1 ratio at the 90 degree zenithhradir symbol. The foliowing are the general equations used to

position the climb bars, dive bars, and zenith and nadir symbols.

The first step is to find the equation that transforms the input angle x, of domain [5,90], to the proper

compression ratio of the range [1,4.4].

~= 4.4– 1.0 . ~

90-5 85

1
Compression Ratio =

m(x–5) +1

In order to find the distance from the horizon for the input angle x, we must add up all the compression ratios

between the 5-degree bar and the input angle and add 5 for the distance from the horizon line to the 5 degree

bar.

distance = ~ (Compression Ratio) dx + 5.0

distance = ~
(

1

)
dx+ 5.0

n7(x-5) +1

distance =
in [m (x–5) + 1] + ~..

m

Although compression can result in a more readable display by reducing the degree of climb/dive scale

motion, there are potential problems that may arise with a compressed scale. First, the incorporation of

compression precludes the inclusion of a pitch reference in the display. Since one of the major advantages of

the HUD is its use of a conformal display, it is impossible to deconflict the conformality of the pitch reference

relative to the outside world, and pitch angle read against the climb/dive scale. Second, the incorporation of
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any kind of variable compression. whether step or linear, does not provide accurate pitch rate cues when read

against the climb/dive scale. Pilots have reporiedthaf accurate pitch rate information is necessary during near

I stall recoveries andthat anyconfusion inpitch rate canpotentially create a hazardous condition. Designers

should consider the imporlanceof pitch rate information prior to incorporating any form of climb/dive scale

compression.

REQUIREMENT LESSONS LEARNED (4.2.1 .3)

Alternative forms ot compression have been used in the past; some, with Iessthan optimum results. The F-16

Block 40HUDsymbology wasimplemented such that theclimb/dive ladder wascompressed2:l above60

degrees and below–60 degrees. The rationale was that ccrnformality was not a priority above 60 or below-60

degrees. However, aproblem arose when a pilot, whose FPMwasdepressed such that its position was

outside the IFOV of the HUD, transifioned from the FPM to the gun cross to acquire attitude information. The

ladder, while still referenced to the FPM, read nearly 90degrees against the gun cross. However, the aircraft’s

pitch attitude was not 90 degrees as the gun cross indicated but rather 75 degrees. This inconsistency was a

direcfresult of theimplementation of the2:l impression above 60 degrees.

Therefore, under conditions in which compression is implemented and the climbidive ladder remains

referenced tothe CDM, apitchreference should not redisplayed. Using the CDMshould not be a problem,

however, because themechanization issuchthat thecontrol reference should never leave thel FOVrequiring

the pilot to transifio n to a pitch reference.

4.2.1.4 Longitudinal acceleration cue. Thelongitudinal acceleration cue(LAC), when read against the

CDM, shall provide an indication of the aircraft’s acceleration along its flight path (Figure 9).

FIGURE 9. Longitudinal acceleration cue.

REQUIREMENT RATIONALE (4.2.1 ,4)

Although this symbol is not essential, ti reduces workload in a variety of ways:

a. Shows fiaircrafi isaccelerating ordecelerating sochanges inairspeed can be made smoothly. It

provides lead information when approaching a new airspeed.

b. Can beusedas apotential fhghtpath inthatit represents theachievable climb ordive angle while

maintaining constant airspeed and power setting.

c, Energy indicator: ifthecue isabovefhe hotizon, theaircraft isgainingtotal energy ;belowthehorizon,

the aircraff is losing total energy.
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d. Regarded as a throttle command, it shows which way to move the throttle to stabilize at your current

climb rate.

e. Useful for detection and escape of wind shear.

REQUIREMENT GUIDANCE (4.2.1.4)

This symbol is normally displayed in landing modes. It is also useful in refueling tasks and other modes where

a command airspeed is being flown. The following set of equations describes a nominal mechanization of the

LAC. Based on aircraft response to changes in throttle setting, alternative scaling factors maybe necessary.

Acc = Aircraft’s Longitudinal Acceleration in G’s

Acc ~Ue= Longitudinal Acceleration Cue Position

Acc .Ue = Accx 9.0 lim[–4.5, 4.5]

REQUIREMENT LESSONS LEARNED (4.2.1 .4)

4.2.1.5 Speed worm. The speed worm (Figure 10) shall indicate deviation from the aircraft’s on-speed

angle of attack. This symbol shall be located on the left wing of the CDM and remain vertical in relation to the

CDM. The worm is a rectangle that varies in height above or below the CDM wing. The speed worm shall be

displayed when the HUD is in instrument landing system (ILS) mode or landing gear is down,

+ 1+2’ ‘r

?
+ — 10mr

Speed Worm Height

FIGURE 10. Speed worm.

REQUIREMENT RATIONALE (4.2.1 .5)

Angle-of-attack error is a pitch-related variable that indicates the deviation of the current AOAfrom a desired

value and is vertically oriented to be compatible with real-world coordinates and control motion. It is normally

placed on the left half of the display near the left wing of the aircraft symbol. This location is chosen for several

reasons. For landing, angle-of-attack is used to control speed. Location on the left is consistent with the

general scheme of putting airspeed on the left, altitude on the right. Location on the left half of the display is

also in agreement with the standard arrangement of separate cockpit instruments in Navy aircraft, where the

apexer is situated on the left side of the instrument panel.

REQUIREMENT GUIDANCE (4.2.1.5)

The following set of equations describes the mechanization of the Speed Worm.
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m spd = On Speed Angle of Attack

m = Aircraft’s Angle of Attack

b = Scaling Factor

Speed Worm Height = a spd– a x b Iim [-1.0, 1.0]

Scaling of the speed worm depends on the dynamic qualities of the specific aircraft. Fighter/attack aircraft, for

example, in which AOA can change rather rapidly, is likely to have a relatively low scaling factor (e.g., 0.25);

whereas, a less dynamic airframe in which changes in AOA are less dramatic may implement a higher scale

factor (e.g., 1.0). In either case, the selection of scaling factor should be made based on trials in a high fidelity

aero-model simulation facilify.

REQUIREMENT ESSONS LEARNED (4.2.1 .5)

4.2.1.6 Aircraft pitch reference symbol. The pitch reference symbol (also known as the miniature

aircraft symbol) shall be in a fixed location on the display, referenced to the aircraft fuselage datum. The apex

of the W shall be aligned with the wings and the symbol shall be laterally centered. Occlusion priority is high.

(Figure f 1)

~lOmr~

~ 30mr ~

FIGURE 11. Aircraft pitch reference.

REQUIREMENT RATIONALE (4.2.1 .6)

The aircraft pitch reference symbol has three primary functions: (1) a pointer function for anifude reference

and angle of attack: (2)acenter dot or apex which constitutes afixeddisplay center reference point, null

reference point, and index mark; and (3) aposifive reference of bank angle. The angle of the symbol is

normally 60 degrees and if can be referenced to fhe flight path angle display to give a positive bank angle

reference, This is one of the functions of the equivalent symbol on an attitude director indicator (ADI). The

symbol haspictorial qualifies, that is, wings and wheels, which provide verfical orientation cues against a

dynamic background.

REQUIREMENTGUIDANCE (4.2.1.6)

The pitch reference symbol is located at one of three points which are usually near the top of the display. On

previous aircraft, it has been located at the fuselage datum (aircraft reference line or waterline) on several

aircraft, at the gun aim point (F–1 6), or at the zero lift line. The zero lift line and gun aim point are preferred

because they provide more useful information to the pilot. Although the gun cross symbol is not recommended

for use as an attitude reference, it has been used in place of the standard pitch reference because it creates

less clutter.
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REQUIREMENT LESSONS LEARNED (4.2.1 .6)

I
I

4.2.2 Scales. Scales shall be used to display the aircraft’s speed, barometric altitude, heading, and roll. All

scales, except the roll scale, shall be positioned against the Iefi- and right-hand reference points (LHRP and

RHRP). The roll scale shall be centered around the CTFOV.

4.2.2.1 Airspeed scale. The speed scale (Figure 72) shall display the aircraft’s current and commanded

speeds. The speed scale shall consist of a dial with index, commanded speed caret, and various readouts.

The readouts shall include the current speed and appropriate commanded speeds. The center of the speed

dial shall be positioned at the LHRP. The type of airspeed displayed (indicated or calibrated) shall be that

which the aircraft is normally flown and shall not include any associated letters. This display shall be presented

full time on the primary flight reference (PFR).

The current speed shall be displayed as a digital readout at the center of the dial. The commanded speed

readouts shall be displayed above the dial whenever the difference between the current speed and the

commanded speed is greater than 40 knots. The commanded speed caret shall be displayed on the dial

whenever the aircraft’s speed is within 40 knots of the commanded speed.

140A

■

●

253 “

❑

9

150 ●

9

● b A

a. Current and commanded speeds displayed. b. Current speed and commanded speed caret
displayed.

FIGURE 12. Airspeed scale.
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4.2.2.1.1 Airspeed cfial. Thespeed dial (F;gure 13)shall consist of 10dotsequally spaced around an

18-mrcircle with a7-mrindex located 9mrfrom thecen{er of the dial. Theindex shall make onecornplete

clockwise revolution for every 100 knots of increasing speed. The center of the speed dial shall be positioned

at the LHRP.

.

●

.

FIGURE 13. Speed dial.

.

4.2.2.1.2 Aitspeed readout. The speed readout, composed of three digits, shall be displayed in the

center of the speed dial. Alldlgifs shall be full size (7 mrhighby4 mr wide), and leading zeroes shall be

displayed as blank spaces. The resolution of the display shall be to the nearest knot.

999
4.2.2.1.3 Commanded speed caret. The commanded speed caret (Figure 74) shall point to the

commanded speed whenever the difference between the current speed and the commanded speed is less

than 40 knots, The caret shall be located on the outside edge of the speed dial pointing inward.

1
A 60 percent sized letter shall appear next to the caret to idenfiiy which commanded speed is being indicated

by the caret.
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FIGURE 14. Commanded speed caret.

4.2.2.1.4 Commanded speed readouts. The commanded speed readouts shall display the various

commanded speeds. A readout shall be displayed whenever the difference between the current speed and

the commanded speed is greater than 40 knots. The readout shall be positioned above the speed dial,

followed by its letter identifier, and shall be 60 percent of full size.

140A
REQUIREMENT RATIONALE (4.2.2.1)

Standard instrument practice calls for altitude on the right and airspeed on the left; this permits horizontally

oriented heading and roll scales to be placed on the top or bottom of the display (JANAIR Rpt. 680505).

Several organizations within the DOD have evaluated the relative merits of the counter-pointer format under

control/simulator conditions. These evaluations indicated that the counter pointer format significantly

enhanced pilot performance when compared with conventional vertical tape and pure digital presentation.

The relative merits of the counter-pointer format are as follows:

a. Ittakes up less space (causing less clutter) than the vertical scale.

b. The moving tape-fixed pointer scale is inherently harder to read because the numbers are moving and

not always in the same place.

c. There is some evidence that the scales might be interpreted as horizontal pitch lines when viewed by a

disoriented pilot in a 90-degree bank.

d. The dial format provides trend information clearly, with no confusion about direction (clockwise is

more), and is directly analogous to the round dials pilots learn to fly with.

e. During extremely rapid descents, rate and direction of movement of vertical tape scales can be hard to

distinguish.

REQUIREMENT GUIDANCE (4.2.2.1)

Scales are normally positioned with at least ten degrees lateral separation between the altitude and airspeed.
However, they must be within the instantaneous FOV and too much lateral separation can increase

cross-check scan time.
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The following identifiers are recommended for command airspeeds: 1 = First reference speed during takeoff.

(I.e., V ref); 2 = Second refereflCe speed during takeoff R = Rotate speed: F = Flap retract/extend speed:

G = Gear retract/extend speed. When a reference speed has passed and is no longer of use, it stlould be

removed from the display.

During up-and-away flight, positioning of the airspeed scale should correspond to the vertical location of the

CDM. During approach and landing, the CDM is Iikelyto drop significantly within the field of view of the HUD as

a result of the increase in angle-of-attack. To maintain a minimal cross-check distance between the CDM and

the airspeed scale, the scale should drop within the FOV of the HUD to correspond to the new, stabilized

position of the CDM. This is particularly important for fighter/attack aircraft which tend to fly approaches at

higher angles of atfack.

I Care should be given as to how this change in position is accomplished, as abrupt changes in scale location

may be disturbing to pilots. With the incorporation of quickened CDM, which greafly stabilizes the reference

I within the IFOV of the HUD, it maybe possible to allow the airspeed and altitude scales to move vertically with

the CDM.

REQUIREMENT LESSONS LEARNED (4.2.2.1)

I

Recent research by the Royal Air Force and USAF has concluded that removal of the dots, which results in a

reduction indisplay ctuffer, does notdegrade pilot petiormance, However, concern remains that removal of

the scale dots may result in a reduction in precision when command airspeeds are required. This issue

remains unresolved.
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4.2.2.2 Altitude scale. The altitude scale (Fjgure 15’)shall display the aircraft’s current and commanded

altitudes and the aircraft’s vertical velocity. The altitude scale shall consist of a dial with an index, an altitude

readout, a commanded altitude caret, commanded altitude readouts, and a vertical velocity arc. The

commanded altitude caret shall be displayed wheneverthe aircraft’s altitude is within 400 ft of the commanded

altitude, and the vertical velocity arc is displayed whenever the CDM is limited. The altitude dial shall be

positioned at the RHRP.

770s
2500C

■

I

I

I

■

● ■

m

’780 ‘
w

S7
●

9 m

■

a. Current and commanded aftitudes and b. Current altitude and commanded altitude
vertical velocity arc displayed; CDM limited. caret displayed.

FIGURE 15. Altitude scale.
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4.2,2.2.1 Altttude dial. The altitude dial (Figure 16) shall consist ot 10 bold dots equally spaced around a

25-mr circle and a 10.5-mr index located 12.5 rnr from the center of the dial. The index shall make one

complete clockwise revolution for every 1000 feet of increased altitude. The center of Vre dial shall be located

at the RHRP.

●

.

/’
12.5 mr

/4

\

.

//10.5 mr

● \ .

●

FIGURE 16. Altitude dial.

4.2.2.2.2 Altitude readout. The altitude readout, composed of five digits, shall be displayed at the center

of the altitude dial. Whenever the aircrati’s altitude is greater than or equal to 10,000 ft, the two leading digits

(thousands) shall be display edfullsize (7 mr high by 4 mrwide) and the remaining three digits (hundreds, tens

and units) shall be displayed at 60 percent of full size. The resolution of the display shall be to the nearest

hundred feet.

10000
When the aircraft’s affitude is less than 10,000 ff, all the digits shall be displayed full size, Leading zeroes shall

be displayed as blank spaces. The resolution of the display shall be to the nearest ten feet.

9870
4.2.2.2.3 Commanded altitude caret. The commanded altitude caret (Figure 7a shall point to the

commanded altitude whenever the difference between the current altitude andthecommanded altitude is less

than 400 feef. The caret shall be located on the outside edge of the altitude dial pointing inward.

A 60 percent sized letter shall appear next to the caret to identify whtch commanded altitude is being indicated

by the caret.

90

Licensed by Information Handling ServicesLicensed by Information Handling Services



MI L-STD-1787B (USAF)
APPENDIX

FIGURE 17. Commanded altitude caret.

4.2.2.2.4 Commanded altitude readouts. The commanded altitude readouts shall display the various

commanded altitudes. A readout shall be displayed whenever the difference between the current altitude and

a commanded altitude is greater than 400 feet. The readouts shall be positioned above the altitude dial.

All digits shall be 60 percent of full size with leading zeros displayed as blank spaces. The resolution of the

display shall be to the nearest foot. The last readout shall be positioned 40 mr above and 10 mr left of the

RHRP. Preceding readouts shall be positioned at 10-mr increments above their following readouts.

1500 s

600 D
REQUIREMENT LESSONS LEARNED (4.2.2.2)

A low altitude, high speed aircraft might use a fixed scale, moving index display for radar altitude. Such a

configuration is being used in the Low Altitude Navigation Targeting infrared for Night (LANTIRN) program. In

this case, it is the moving index, usually a thermometer type index, that provides the trend information along
with being able to associate positions on the scale with specific ground clearance levels. The limited range of a

fixed scale is acceptable for display of radar altitude in low-level (terrain following—TF) flight and allows the

fastest interpretation of critical ground clearance.
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4.2.2,2.5 Vertical VelOCity arc. The vertical velocity arc (Figure 18) shall display the airCraft’S vettiCal

velocily when read against the altitude dial. The vertical velocity arc shall be a bold arc that is displayed

whenever the CDM is limited. During a climb, the amount 01 verlical velocity shall be displayed by a bold arc

that starts at the 9 o’clock position (75o ft) and extends in the clockwise direction along the upper arc of the

altitude dial. During a dive, it shall extend in the counter-clockwise direction along the lower arc.

2000 ft/min

1000 ft/min

I

4000 ftim;n

I .

.

.

FIGURE 18. Vertical velocity arc.

[n addifionto the vertical velocity trend information, it is recommended that a digital readout of vertical velocity

also be presented just below the altitude scale.
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REQUIREMENT GUIDANCE (4.2.2.2.5)

The following chart shows how far the vertical velocity arc extends around the altitude dial for a given climb

rate. The arc starts at the 9 o’clock position and is drawn in the clockwise (CW) direction.

Climb Rate Altitude Dial Position

(CW direction)

Level Flight 750 ft (9 o’clock)

1000 fffmin 900 ft dot

2000 ft/min Oft dot

3000 fffmin 100 ft dot

4000 fffmin 200 ft dot

The following chart shows how far the vertical velocity arc extends around the altitude dial for a given dive rate.
The arc starts at the 9 o’clock position and is drawn in the counter-clockwise (CC W) direction.

Dive Rate Altitude Dial Position

(CCW direction)

Level Flight 750 ft (9 o’clock)

1000 ft/min 600 ft dot

2000 fffmin 500 ft dot

3000 ft/min 400 ft dot

4000 ft/min 300 ft dot

REQUIREMENT LESSONS LEARNED (4.2.2.2.5)

4.2.2.3 Heading scale. The heading scale (Figure 19) shalt indicate the aircraft’s magnetic heading and

shall consist of a horizontal scale and a lubber line. The lubber line shall indicate the aircraft’s magnetic

heading when read against the horizontal scale. The center point of the heading scale shall be located above

the midpoint of a line connecting the LHRP and RHRP.

09 10 11 12 13
11111111 I

I
FIGURE 19. Heading scale.
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4.2,2,3.1 Horizontal heading scale. The horizontal heading scale (Figure 20) shall be a continuous

scale that moves left and right indicating aircraft heading when read against tixed lubber line. The scale shall

consist of 5-mr, vetiicaltic marks every 10 degrees and 3-mr, verficaltic marks every 5 degrees. A minimum of

30degrees shall redisplayed andthescale compressed ata5:l ralio. Two-digit numeric labels that range

from Ol to36shall repositioned above thel O-degree ticmarks indicating 10t0360 degrees of heading.

I

,&J ‘k<’ ‘ ‘ ‘ ‘
17.5 mr

5mr 3mr

I

1
FIGURE 20. Horizontal heading scale.

1
REQUIREMENT GUIDANCE (4.2.2.3.1)

Heading is always displayed in degrees with tick marks usually every 5 degrees. Two-dig;! numerics are

displayed with a longer tick mark every 10 degrees. A minimum of three sets of numerics should always be

displayed either above the tick marks when displayed at the top of the HUD, or below the tick marks when

dkplayed at the bottom of the HUD. The heading scale on the HUD need not conform with the outside world; in

tact, a compressed scale of 5:1 ratio is preferred. Such a compression ratio provides sufficient scale coverage

without cluttering thedisp[ay. Ifadigital readout isconsidered, itshould beasanaddition tothesca(eor asa

decluffer option.

I 4.2.2.4 Bank scale. The bank scale (Figure 27)shall display theaircraft's bank andsideslip. The bank

scale shall consis! of a curved bank scale drawn around the CTFOV and a banldsideslip pointer.

FIGURE 21. Bank scale with20° tight bank.
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4.2.2.4.1 Curved bank scale. The curved bank scale (Figure 22) shall consist of a center index and three

tic marks at 10-degree intervals on either side of the index representing 10.20, and 30 degrees of aircraft

bank. When the aircraft’s bank angle is greater than 25 degrees, additional tic marks shall be displayed at the

45-degree and 60-degree positions on the same side of the scale as the banldsideslip pointer. Likewise, when

the bank angle is greater than 55 degrees, additional tic marks shall be drawn at the 90-degree and

135-degree positions.

The radius of the bank scale shall be centered about the CTFOV. If the CDM comes within 20 mr of the zero

bank index, the bank scale shall be lowered to maintain the 20-mr separation between the CDM and the scale.

— 90°

\ / /

135° 70 mr 135”

/
CTFOV

90° —

0600 600>
45°

f 30°
45°

30° \

/
20° ,0020°

/ j“”fl , \
\

llc Length

10, 20, and 45

‘ri~6mr~ ‘mr
30, 60, 90, and 135

5 mr

FIGURE 22. Curved bank scale.

4.2.2.4.2 Bank/sideslip pointer. The banldsideslip pointer (Figure 23) shall be divided into two sections:

a triangle shaped upper section and a trapezoid shaped lower section. The upper section shall indicate the

magnitude and direction of roll when read against the curved bank scale. The lower section shall indicate the

magnitude and direction of aircraft sideslip when read against the upper section.

When the aircraft is at wings-level flight, the banldsideslip pointer shall be positioned below the center index of

the curved bank scale with the tip of the pointer touching the bottom of the center index of the scale. As the

aircraft banks in the clockwise direction (right wing down), the pointer shall move an equal number of degrees

around the curved scale in the counter-clockwise direction; likewise for a left wing down bank. The pointer has

unlimited 360-degree movement about the CTFOV and is rotated for all bank angles to point toward the
CTFOV.
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The Iowersection shall be positioned relative to the upper section by the amount of sideslip. For example, with

30 degrees of right bank and a sideslip of 3 degrees to the right, the upper section is rotated to the 30-degree

tic and the lower section is rotated 33 degrees.

~— 6 m, —-+

FIGURE 23. Bank/sideSlip pointer.

4.2.3 Navigational Symbology. The navigational symbology shall provide the pilot with location and

steering information to return to a designated flight path or course. The symbology shall consist of a course

deviation indicator (CDI), flight director steering bars, and a tactical air navigation (TACAN) indicator. The CDI,

VDI, and steering bars shall be positioned relative to the CDM. The TACAN indicator shall be positioned

relative to the CTFOV.

4.2.3.1 Course deviation indicator (CDI). The course deviation indicator (Figure 24) shall display the

selected course and the magnitude and direction of deviation. The indicator shall be centered around the

CDM and shall consist of a scale and a pointer. A numerical readout of the selected course should be provided

“on the display.

The scale shall consist of four dots with a maximum of 2 dots being displayed at any onetime. The pointer shall

be read against the CDM and CDI scale. The pointer and scale shall rotate about the CDM to indicate the

selected course.

o +’-+?- 0

FIGURE 24. Course deviation indicator.
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4.2.3.1.1 CDI scale. The CDI scale (F/gure 25) shall contain four 3-mrcircles, or dots, with a maximum of

two dots being displayed at any instance. On either side of the scale, the innertwo dots shall be located 15 mr

from the center and each outer dot located another 15 mrfrom the inner dot. The CD I scale shall be centered

upon the CDM and shall be free to rotate a full 360 degrees about the CDM.

When the deviation is more than one and one–half dots, two dots shall be shown on the same side of the CDM

as the CDI pointer. When the deviation is between one–half and one and one–half dots, the inner two dots on

each side of the CDM shall be shown. No dots shall be shown when the deviation is less than one–half dot.

FIGURE 25. CDI scale.

4.2.3.1.2 CDI pointer. The CDI pointer (Fjgure 26) shall indicate course deviation when read against the

CDI scale.

60 mr

4 mr

FIGURE 26. CDI pointer.
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REQUIREMENT RATIONALE (4.2.3.1)

The CDI presented here is a direct translation of traditional course deviation Indicator and course arrow which

have been parl of head-down horizontal situation indicators (HSIS) for decades. In this case, the CDI and the

course arrow have been combined into a single symbol. One advantage of this type of implementation over

other symbology, such as the glideslope and Iocalizerdeviation bars used in the F–16for ILS raw data, is that

fhe CDI provides not only lateral deviation but also angular deviation. Pilots have found this type of

implementation to be a benefit, particularly during course intercept maneuvers.

REQUIREMENT LESSONS LEARNED (4.2.3.1 )

4.2.3.2 Ver’tical deviation indicator (VDi). Theve~ical deviation indicator (VDl)(Figure 2~shalldisplay

the magnitude and direction of the aircraft’s vertical deviation from tlje desired glidepath.

The indicator shall consist of a scale and a pointer. The pointer shall be read against the scale. For ILS

glideslope, one dot of pointer deflection represents 0.35 degrees of glideslope deviation.

The VDI shall be located to the right of the CDM and shall move vefiically with it

o

o

0

FIGURE 27. Vertical deviation indicator.
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4.2.3.2.1 VDI scale. The VDI scale (Figure 28) shall be used in conjunction with the VDI pointt?rto indicate

vertical deviation. The scale shall consist of four 3-mrcircles, or dots, and a 6-mr by 2-mr, open–centered box.

The dots shall be located two above and two below the box.

C) >3 mr

o

FIGURE 28. VDI scale.

I
4.2.3.2.2 VDI pointer. The vertical deviation pointer (Figure 29) shall indicate vertical deviation when read

against the VDI scale. The pointer shall be located on the left side of the VDI scale pointing to the right.

T
I

5.4 mr

FIGURE 29. VDI pointer.
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REQUIREMENT LESSONS LEARNED (4.2.3.2)

This veRical deviation indicator isadirect translation of thevefiical deviatio” indicatmusedir head-down

ADIs. One significant difference is the placement of the indicator on the right side of the display. This change

was made as a means of minimizing cro.ss-check differences befweenthk indkatorandthe altitude ind!cator.

4.2.3.3 Flight director steering bars. The two flight director steering bars, bank steering and pitch

steering (Figure 30), shall indicate the amount and direction of the flight director roll and pitch steering error,

respectively, when read against the CDM. As the pilot rolls and pitches in the direction of the bars, the steering

errors decrease and the bars move toward the CDM. The aircraff is at the commanded roll and pitch angles

when the bars arepositionedonthe CDM. Both bars shall be80 mrin length and displayed wheneverthe HUD

isin lLSmode. Themovement of the bars shall delimited to2.5 degrees.

T
Pitch Steerina Error

L5=eering’r’o”

FIGURE 30. Flight director steering bars.

REQUIREMENT RATIONALE (4.2.3.3)

The use of aflight director in increasing approach and landing accuracy isweii documented. The major

question is the best manner in which to display the informabon to the piiot. Two alternative formats seem to

predominate in current aircraft the single cue fright director, and the dual cue flight director. The singie cue
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format combines the pitch and bank steering command into one symbol such that the pilot “steers” the control

reference (i. e., CDM) to the single cue. Alternatively, the dual cue flight director presents the command

steering for the two axes separately.

REQUIREMENT GUIDANCE (4.2.3.1)

Simulation trials comparing the two formats have consistently indicated that pilots perform the ILS approach

with a higher degree of accuracy when using the dual cue flight director. In addition, the single cue flight

director has one significant disadvantage in terms of failure indication. If by chance one of the axes of the ILS

transmitter were to fail, the dual cue flight director indicates this failure by no longer presenting the steering bar

representing that axis. The single cue director does not possess this capability. Typically, the axis which is

failed is zeroed and the cue is altered in some fashion. In the case of the F–16 tadpole, the tail is removed and

the circle is zeroed on the FPM. If the pilot fails to recognize the removal of the tail, he/she may believe proper

control inputs are being made.

Based on human performance research, one would expect pilots to perform better with an integrated

command reference. However, this prediction presupposes that pilots are integrating their control response

so that they react to command changes in both axes simultaneously. Since performance seems to be better

with a dual cue,. we might assume that pilots are not integrating their control response and that they instead

respond to each control axis individually, resolving one axis before resolving the other. Therefore we conclude

that being able to separate the two command axes is of some benefit.

One advantage of the single cue over the dual cue is the reduced clutter achieved with the single cue flight

director. Pilots have repeatedly commented that the size required to effectively implement a dual cue flight

director causes a minor clutter problem in the center of the HUD FOV. The challenge then is to combine the

I best features of both the single and dual cues.

During symbology testing for the F–22, a compromise was achieved. A single cue reference which provides

the axis separation of the dual cue was developed. This compromise was as simple as a symmetric cross
consisting of a vertical and horizontal lines measuring 40 mr. The cross is positioned such that its intersection

point corresponds with the intersection point of the dual axis flight director (Figure 30). Using this symbology,
pilot performance was comparable to that achieved with the dual cue reference. Additionally, presentation of a

single axis failure of the flight director is as simple as removing one of the cue’s axis lines.

REQUIREMENT LESSONS LEARNED (4.2.3.1)

4.2.3.4 Bearing (VOR/waypoint) indicator. The bearing indicator (Figure 31) shall display the relative

bearing to the selected navaid station and the radial from the station. The indicator shall consist of a bearing

pointer, reference wings, and a readout. The pointer shall move about the center of the indicator to show the
relative, magnetic bearing to the navaid station. The readout shall display the magnetic radial from the station.

The pointer shall be removed and the readout shall display “XXX” whenever the navaid receiver is not

receiving a signal.

The indicator shall be displayed in TACAN and ILS modes and shall be located in the upper right corner of the

IFOV.
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1

– 086 –

FIGURE 31. Bearing indicator.

4.2.3.4.1 Bearing pointer. The bearing pointer (Figure 32) displays the relative bearing to the selected

navaid station. The pointer shall be located 20 mrfrom the center of the bearing indicator and shall be free to

rOtak a full 360 degrees about the center. If the navaid receiver is not receiving a $iqnal from a statiOn, then the

pointer shall not display.

r—

t

{

5 mr

+
—

+ 3mr

FIGURE 32. Bearing pointer.

4.2.3.4.2 Reference wings. The bearing pointer reference wings (Figure 33) display a reference point

againSt which the bearing pointer can be read. The wings shall consist of two 8-mr horizontal bars that

represent the aircraft’s wings. The bars shall be located 10 mr from the center of the indicator.

~ 8mr ~ ~ 8mr k

~36mr~

FIGURE 33. Reference tics.
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4.2.3.4.3 Radial readout. The radial readout shall display magnetic radial from the selected navaid to the

nearest degree. The readout shall consist of a 3-digit number, full size, with the leading zero shown. The

readout shall display XXX whenever the navaid is not receiving a signal, The readout shall be located at the

center of the bearing indicator.

086 or XXX

1 4.2.4 Mission symbology

4.2.4.1 Acquisition cursor, air-to-air (A/A). This vertical situation display (VSD) symbol shall be

displayed in all search modes to enable manual target designation. The dimensions of the A/A cursor shall be

scaled to the target symbol size. (Figure 34)

I 10 mr or symbol size—
Cursor must not mask symbols on display

I

T
FIGURE 34. Acquisition cursor A/A.

REQUIREMENT RATIONALE (4.2.4.1 )

This requirement provides the contractor with the symbol that has evolved from previous aircraft as a standard

A/A acquisition cursor. This symbol is also used in the Joint Tactical Information Distribution System (JTIDS)
I tactical “situation display as a designation and interrogation symbol.

I REQUIREMENT GUIDANCE (4.2.4.1)

I
This symbol should be used on head-down displays (for example, radar) as a cursor to change ranges,

I
interrogate targets, make assignments, and break assignments.

REQUIREMENT LESSONS LEARNED (4.2.4.1)
I

103

Licensed by Information Handling ServicesLicensed by Information Handling Services



MIL-STD–1787B (USAF)

APPENDIX

1

4.2.4.2 Acquisition cursor, air-to-ground (A/G) B-scope. This head down symbol shall be displayed

with a B-scope presentation to indicate initial point (1P) or target location in range and azimuth (Figure 35)

Slewable

-71
acquisition

Note: Bar length

cursor
is equal

used to
to display

designate target
size

orlPduring

search mode

k

L
\

Note: During search, only Horizontal bar

vertical bar is present

and itscans the scope

Vertical bar

FIGURE 35. Acquisition cursor, A/G B-scope.

I

REQUIREMENT RATIONALE (4.2.4.2)

The horizontal pariof this symbol serves as a range reference while theveriical part is an azimuth reference to

assist in target track.

I
REQUIREMENT GUIDANCE (4.2.4.2)
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This symbol should be used for B-scope displays.

REQUIREMENT LESSONS LEARNED(4.2.4.2)
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4.2.4.3 Acquisition cursor, A/G PP1-scope. This head down symbol shall be displayed with a plan

position indicator (PPI) scope presentation to indicate IP or target location in range and azimuth (Fjgure 36)

//--- —----
,/

0’//
0

-_ —-- _-

Acquisition cursor

1200 Sector scan

FIGURE 36. Acquisition cursor, A/G PP1-scope.

REQUIREMENT RATIONALE (4.2.4.3)

The arc portion of this symbol is centered on zero range so that all returns on the arc are at equal range from

the airplane. The vertical part of this symbol serves as an azimuth reference.

REQUIREMENT GUIDANCE (4.2.4.3)

This symbol should be used for PP1-scope displays

REQUIREMENT LESSONS LEARNED (4.2.4.3)
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4.2.4.4 Aiming reticle, stadiametric. This symbol shall be used for stadiametric ranging. It shall be a

variable diameter circle surrounding a _-mr diameter circle and _-mr diameter pipper dot

(F@ure 3i7

, Variable diameter circle

G●
6-mr dia. circle

I–mr pipper dot

FIGURE 37. Aiming reticle, stadiametric.

REQUIREMENT RATIONALE (4.2.4.4)

This symbol provides the contractor with a standard stadiametric reticle for use on all applicable military

aircraft. This symbol is used in PJA gunnew modes when radar range data is unavailable. The symbol is

variable in size but manually set to one or more selectable ranges, for example, 700 feet or 1500 feet, in the

case of the F–16. The target is at the salected range (target wingspan must be known) when the wings of the

target just fill the inside of the outer, variable diameter circle (manually set via hands-on control).

REQUIREMENT GUIDANCE (4.2.4.4)

This symbol should be used forgunnery modes requiting the use of astadiametric ranging reticle. The

standard pipper size should be a I-mr dot for minimum target obscuration, surrounded by a 6-mr circle to

assist in symbol perception.

REQUIREMENT LESSONS LEARNED (4.2.4.4)

106

Licensed by Information Handling ServicesLicensed by Information Handling Services



I

I

MIL-STD-1787B (USAF)
APPENDIX

4.2.4.5 Aiming reticle, standby. This symbol shall be used for manual weapons delivery missions. It

shall have diameter and diameterdashed octagons centered around a plpper

dot (Figure 38).

<

50–mr dia. octagon

/
/

I
\’–”/
FIGURE 38. Aiming reticle, standby.

REQUIREMENT RATIONALE (4.2.4.5)

This symbol provides the contractor with a standard standby reticle for use on all military aircraft.

REQUIREMENT GUIDANCE (4.2.4.5)

This symbol should be used as a standby reticle for all manual aiming modes. Standby retitles should consist

of at least a 25-mr and a 50-mr dashed octagon centered around a 1-mr pipper. Additional reference tics at

75-mr and 100 mr from the pipper are acceptable.

REQUIREMENT LESSONS LEARNED (4.2.4.5)
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4.2.4.6 Allowable steering error (ASE) circle and steering dot for A/A attack. The ASE circle and Ihe

steering dot shall be used as AJA radar display features designed to provide either lead angle collision or

pursuit steering, depending on the phase of an attack. The circle shall vary in size with respect to target range

and target aspect angle (TAA) (Figure 39).

I

2 mr dot

I
x“

Variable diameter circle

o

0

FIGURE 39. Allowable steering error (ASE) circle

and steering dot (A/A attack).

1
REQUIREMENT RATIONALE (4.2.4.6)

This requirement provides the contractor with a standard ASE circle and steering dot for use in WA aircraft.

The ASE and dot were teatures of the FF4 radar display and the steering given with a centered dot varied

depending on the phase of an attack. Outside missile R~,,, a centered dot put the interceptor and target on a

Iead collision course. Inside Rma,, t put the interceptor’s missile and target on a lead collision course.

Consequently, thesteering law changed at R~~. Invi$ual identification modes, acentered dot took the

interceptor to a position relative to the target from which visual identification could be made (low 6 o’clock).

REQUIREMENT GUIDANCE (4.2.4.6)

This symbol should be mechanized to relate lead collision steering commands for missile attack

REQUIREMENT LESSONS LEARNED(4.2.4.6)
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4.2.4.7 Antenna azimuth and elevation markers. These carets shall indicate the current radar scan

positions on a VSD. At lock-on, they shall indicate the azimuth and elevation angles of the target when read

against scales (see F/gure 49) on the edge of the display. Tick marks shall be every degrees, and

numerics, every tick mark. (Figure 40)

FIGURE 40. Antenna azimuth and elevation

REQUIREMENT RATIONALE (4.2.4.7)

This symbol has evolved from previous aircraft.

marker.

REQUIREMENT GUIDANCE (4.2.4.7)

1 These markers should be used on head-down displays (that is, radar) as antenna markers. VSD antenna

angle scales usually have tick marks every 10 degrees and numerics displayed every third tick mark or 30

degrees. The scales are normally located at the left and bottom edges of the display. See Figure 49 for a scale

I representation. A similar indication of forward looking infrared (FLIR) pointing angles has been provided by

small circles running along the top and side of the display.

I REQUIREMENT LESSONS LEARNED (4.2.4.7)

I

109

Licensed by Information Handling ServicesLicensed by Information Handling Services



MIL–STD–1787B (USAF)

APPENDIX

4.2.4.8 Azimuth steering line (ASL). This symbol shall be displayed relative to the heading scale and

shall provide a steering reference with respect to the FPM. The ASL shall be resolved veflically in the ground

axes with respect to the ground stabilized reference point (for example, target or steerpoint) (Ffgure 41).

/

Solution cue

i.,
,“

L
--’\d/ ‘-

ASL (size depends on display VFOV)

A/G TD (CCRP)
.

/.
/

< ‘>
./

/
‘v

FIGURE 41. Azimuth steering line (ASL).

REQuIREMENT RATIONALE (4.2.4.8)

This symbol is used with the FPM in the continuously computed release point (CCRP) weapon mode to nullify

azimuth steering error with respect to the designated target. The command heading pointer indicates the

heading required to nullify any azimuth error with respect to the designated target.

REQUIREMENT GUIDANCE (4.2.4.8)

This symbol should be used for HUD CCRP modes. The gearing of the ASL need not be determined by the

gearing of the heading scale. Gearing should be dictated by the aircraft’s operational weapon delivery

capabilities.

REQUIREMENT LESSONS LEARNED (4.2.4.8)
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4.2.4.9 Beacon symbol (steerpoint symbol, destination symbol, initial point (1P) symbol). This
symbol is displayed on the head-down and head-up displays. This symbol shall be used for navigation,

fixtaking, weapon delivery, and tanker rendezvous to display the range and bearing of steerpoints or coded

beacon replies from ground-based or airborne beacons (Figure 42).

“o-12mr

FIGURE 42. Beacon symbol (steerpoint symbol, destination symbol, initial point symbol).

REQUIREMENT RATIONALE (4.2.4.9)

This symbol represents either a beacon, steerpoint, destination, or 1P symbol because each is a

representation of range and bearing to a point of interest on the navigation route other than a target. It is also

the recommended JTIDS symbol for navigation waypoints on head down displays. The JTI DS symbol is a

dashed circle instead of solid. The difference, from a human factors viewpoint, is probably negligible. Dashed

circles require less stroke time when stroke generated and occlude less when viewed through a HUD, but for a

12-mr circle, the differences are probably negligible.

REQUIREMENT GUIDANCE (4.2.4.9)

This symbol is suitable for use on head-up and headdown displays. Using a dashed circle for beacons,

destinations and steerpoints and a solid circle for IPs is another alternative if display stroke writing time is not

an issue. Careful consideration should be given to using this as a code for critical information because of the

minor difference in appearance.

REQUIREMENT LESSONS LEARNED (4.2.4.9)

The F–1 6 uses two symbols for this function: one head down and one head up. From a human factors

viewpoint, it is not a good practice to have two different symbols mean the same thing. At the time of the design

of the head-up/head-down interface for the F–1 6, the requirement to use the same symbol on both displays

was not specified by the government due to a lack of standard requirements.
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4.2.4.10 Bombfail line (BFL). The bombfall line shall extend between the FPM and aiming pipper (impact

point) and shall approximate the trajectory that the weapon assumes to the target (Figure 43).

I

L,. .\
/,

-4
$ ,’— —
‘. .

/.

--— Solution cues

BLF length determined

by fire control computer

l__l

L–. _-l Pullup cue

A

“

FIGURE 43. BombfaHline(BFL).

REQUIREMENT RATIONALE (4.2.4.10)

This symbol is used with the FPM to display weapon trajectory from the aircraft to the ground-based target.

There are several possible mechanizations for a BFL on a HUD. Improved mechanizations evolve from

advances in electronic technology that improve HUD symbology processing. There is no recommended

standard BFL symbol because it may prove inferior to later designs.

REQUIREMENT GUIDANCE (4.2.4.10)

This symbol should be used for HUD continuously computed impact point (CCIP) modes with the AJG CCIP

target designator (TD). The BFL symbology should be implemented to provide for flexible weapons release

attitudes.

REQUIREMENT LESSONS LEARNED (4.2.4.10)
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4.2.4.11 Breakaway symbol. This symbol shall be displayed at minimum weapon release range and/or

upon reaching the minimum safe pull-out altitude during A/G weapon delivery. This symbol shall flash at 5 Hz

when necessary to indicate a need for immediate pull-up of the aircraft (Figure 44).

mr line length

FIGURE 44. Breakaway symbol.

REQUIREMENT RATIONALE (4.2.4.11 )

This symbol indicates a need for immediate pull-up of the aircraft. This symbol has evolved from previous

aircraft as the standard breakaway symbol as well as the NATO standard.

REQUIREMENT GUIDANCE (4.2.4.11)

This symbol should be used on head-down and head-up displays for breakaway.

REQUIREMENT LESSONS LEARNED (4.2.4.11)

This symbol should always be used to indicate that ground clobber is imminent and requires immediate pilot

action. The symbol should have a very clear meaning dictating one set of pilot actions. It should never be able

to be deselected at the pilot’s option.
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4.2.4.12 Continuously computed impact line (CCIL). Tris symbol shall be used to display a range of

simulated bullet points associated with flight conditions during snapshoo( gunnery solutions. Bullet

time-of-flight (TOF) points shall be marked by tick intervals On the CCIL at __ _ and _ seconds

TOF (Figure 43.

I
I-- --

)

Gun boresight cross

I

0.5-sec TOF tick

A 6_mr snapshoot reticle

()
●

f

1.O–sec TOF tick

1
Variable length CCIL

7–mr tick marks 1.5 sec TOF tick (can also represent gun range)

FIGURE 45. Continuously computed impact line (CCIL).

REQUIREMENT RATIONALE (4.2.4.12)

This requirement provides the contractor with a standard CCIL symbol that is used on the HUD in air combat

snapshoot gunnery modes.

REQUIREMENT GUIDANCE (4.2.4.12)

This symbol should display at least three bullet points, marked by tick intervals on the simulated bullet line of

Ilight, usually at 0.5,1.0, and 15,0 seconds bullet time-of-flight (TOF). Tick position may also be used to reflect

stadiametric range, which is a more useful cue for the pilot to visually estimate target range.

REQUIREMENT LESSONS LEARNED (4.2.4.1 2)

114

Licensed by Information Handling ServicesLicensed by Information Handling Services



I

MIL–STD-1787B (USAF)
APPENDIX

4.2.4.13 Gun cross. This symbol shall be used for gun target tracking on HUDS to indicate the projectile

conversion point (with no corrections) on the aircraft boresight axis or the projectile position at some distance

corresponding to a normal firing range (for A/G dedicated aircraft). A reticle similar to this cross is used in
forward looking infrared (FLIR) and radar presentations to represent field of view (FOV) center or a cursor

(Figure 46).

FIGURE 46. Gun cross.

REQUIREMENT RATIONALE (4.2.4.13)

A cross symbol is often associated with a location or target. It can also be used as an aiming reticle for

electro-optical and laser-guided weapons. A 2-mr pipper located at the center of the cross would occlude a

2-foot circle every 1000 feet of slant range, and should not be used.

REQUIREMENT GUIDANCE (4.2.4.13)

The recommended gun cross to use would be an open cross (no pipper) to facilitate target acquisition.

REQUIREMENT LESSONS LEARNED (4.2.4.1 3)

This symbol has been used as the pitch reference symbol in the F–16 HUD.
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4.2.4.14 Lead computing optical sight (LCOS) track line. This line shall provide an azimuth tracking

reference joining thegun foresight cross with the AJA aiming reticle. The LCOS lag line symbol shall indicate

the degree of pipper unsettlement (lag), ilany, andthedirecfion thepipperis moving lora settled solution

(Figure 43.

I
I

$“-

LCOS TRACK LINE
-- -

\\

1
D

_—

/’ /

FIGURE 47. Lead computing optical sight (LCOS) track line and lag line.

REQUIREMENT RATIONALE (4.2.4.14)

This symbol facilitates gunnery solutions by providing a tracking reference and pipper lag indication.

REQUIREMENT GUIDANCE (4.2.4.14)

The length of the LCOS track line below the aiming reticle varies in proportion to the distance of the track line

between itsguncross otiginand theaimreticle center, andtheaim reticle radius as defined here: (I)D

represents the track line distance between theguncross origin and the aim reticle center; (2) R reprasentsthe

aimreficle radius ;and (3) Lrepresents the line segment Iengthbelow the aim reticle.

lfD > 2R then L = R

lfR < D>2R then L=D– R

lfD < R then L = zero

The magnitude of the LCOS lag line indicates the degree and direction of pipperunseflement (lag). When the

solution settles out, the lag line disappears.

REQUIREMENT LESSONS LEARNED(4.2,4.14)

It is understood that the LCOS lag line is of little use in practice and is frequently ignored.
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4.2.4.15 Pull-up anticipation cue. The symbol shall indicate an approaching pull-up requirement in A/G

modes. The roll stabilized symbol shall be caged in azimuth and referenced to the FPM (Figure 48).

L+ 5 mr

~ 23‘r~ It

FIGURE 48. Pull-up anticipation cue.

REQUIREMENT RATIONALE (4.2.4.15)

The U-shaped symbol is associated with the up direction by virtue of its shape, making it a suitable choice for
I this function.

I REQUIREMENT GUIDANCE (4.2.4.15)

A good rationale for the pull-up cue is that when the pull-up cue moves up and becomes coincident with the

flight path marker (velocity vector), a 4.0 G pull-up should be achieved within 2.0 seconds and maintained to

clear the ground by a margin of 1000 feet. However, the ground clearance height should be a function of dive

angle. For example, in a 5-degree dive, a 100-foot ground clearance could be acceptable for strafing attacks
whereas 1000 feet might be a minimum for a 60-degree dive. Furthermore, if may be weapon type- and

number-dependent; for example, a 1000-pound free-fall bomb produces an increasing risk of fragmentation

damage to the delivering aircraft if it goes below 1500 feet. On the other hand, similar but retarded weapons

can be delivered safely at 200 feet.

REQUIREMENT LESSONS LEARNED (4.2.4.15)

I
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4.2.4.16 Radar range scale. Tt~isfixed scale shall redisplayed atterlock-on occurs .The moving caret

shall indicate target range. See 4.3. lfora descriptionof R~.Xl, R~.X2, and R~,n(Figure 49).

40 ~ scale

t Target 1 1=
Rrnax 1

80 mr

I
+

FIGURE 49.

El
%ax 2

~ No escape zone

- Rmln

Radar range scale.

REQUIREMENT RATIONALE (4.2.4.16)

This scale provides range, range rate, and launch zone cues for AJA missile modes in an easily interpreted

format.

REQUIREMENT GUIDANCE (4.2.4.16)

This linear scale is the alternate symbol to be used if the circular analog range bar is not used. It is suggested

that the radar range scale move with the target to preclude the pilot having to shift attention between the target

and the range scale during the engagement. Also, the basic structure of the range scale should be retained on

the display after the first radar lock is accomplished. Then, if the radar continuously breaks lock, this prevents

the blanking and reappearance of a large amount of symbology. The large dynamic range of the scale could be

combined with adequate resolution by implementing a range of scales, the maximum reading of which could

be indicated by sets of numerics displayed in conjunction with the scale.

RECIUIREMENTLESSONS LEARNED(4.2.4.I 6)
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4.2.4.17 Solution cues, air-to-ground (A/G). These symbols shall indicate when a computed level

release or toss release solution is available for the weapon selected. They shall vary in position along the

bombfall line with reference to the FPM. The first optimum weapon release cue shall represent the first or

lower solution to the equation for the selected weapon. As a solution is approached, the cue shall move down

the BFL. The second optimum weapon release cue shall represent the last or upper solution to the equation

for the selected weapon and shall move in the same manner as the first (Figure 50).

\
\

\
\

\

20 mr + 2nd cue (level release)
\

\
\ BFL

10 mr - 1st cue (toss)
\

\A

/y \\

<0

\ /’

CCIP TD
\“/

FIGURE 50. Solution cues (A/G).

REQUIREMENT RATIONALE (4.2.4.17)

These symbols serve as in-range and release anticipation indicators. As the release point is approached, the

cues move down the bombfall line. When either cue intersects the FPM, the weapon could be released,

depending on the solution chosen for release.

REQUIREMENT GUIDANCE (4.2.4.17)

These symbols should be used for A/G weapon delivery solution cues.

REQUIREMENT LESSONS LEARNED (4.2.4.17)

I
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4.2.4,18 Target designator (TD)/radar lock-on, air-to-air. This symbol shall be displayed when the

radar isangle tracking atarget toindicate the antenna Iineof sight tothelarget (Figure 51).

❑
✏25–mr square

FIGURE 51. Target designator/radar lock-on.

I
REQUIREMENT RATIONALE (4.2.4.18)

1
This symbol enables the pilot to locate and track an air-to-air target

1 REQUIREMENT GUIDANCE (4.2.4.18)

This symbol should beprovided afterradarlock-on. When the target isoutside thetotal FOV, the symbol

should be deleted and replaced by a target locator line which extends from the HUD boresight position toward

the target’s location, indicating radar antenna look angle.

I REQUIREMENT LESSONS LEARNED(4.2.4.I 8)

4.2.4.19 Target designator, A/Gcontinuously computed impact point (CClP). This HUDsymbolshall

be attached to the BFL and shall represent the weapon impact point i the weapon is released at that point in

time. CCIPplacement shall be based oncomputer computations (Figure5~.

O/8”’
●

FIGURE 52. A/G CCIPTD.

REQUIREMENT RATIONALE (4.2.4.19)

This HUD symbol is provided to show azimutha ndelevationo ft recomputed weapon impact point. It is

~

aftached to the BFLandis flown tothedesignated target. Adiarnond is the recommended standard fora

designated target.

1 REQUIREMENTGUIDANCE( 4.2.4.19)

This symbol should be used for HUD displays in aircraft with a CCIP weapon delivery mode.

REQUIREMENT LESSONS LEARNED(4.2.4.19)
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4.2.4.20 Target designator, A/G continuously computed release point (CCRP). This HUD symbol

shall display azimuth and elevation of a ground target or weapon impact point. It shall be slewable to permit

corrections (Figure 53)

8 mr

FIGURE 53. A/G CCRP TD.

REQUIREMENT RATIONALE (4.2.4.20)

This HUD symbol is provided to enable the pilot to locate and track an A/G target. A diamond is the

recommended standard for showing azimuth and elevation of a designated target. This symbol is used with

the azimuth steering line (ASL) and FPM to null steering error to the designated target.

REQUIREMENT GUIDANCE (4.2.4.20)

This symbol should be used for HUD displays in aircraft with a CCRP weapon delivery mode. When the target

is outside the HUD total field-of-view, the symbol should be deleted and replaced by a target locator line which

extends from the HUD boresight position toward the target’s location, indicating direction of radar antenna

look angle in radar modes or direction to the target’s inertial navigation coordinates when radar isn’t used.

REQUIREMENT LESSONS LEARNED (4.2.4.20)
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4.2.4.21 Target locatOr line (A/A and A/G). This symbol shall indicate location of target inetiial navigation

coordinates or radar antenna look angle when target lock-on occurs at angles outside of the HUD total field of

view (TFOV) (Figure 54).

I

Target angle xx ——

/

——

FIGURE 54. Target locator line.

REQUIREMENT RATIONALE (4.2.4.21)

This line is used in place of the steerpointortarget symbol when the point of interest is outside the HUD TFOV.

The line is drawn from the gun cross to the bearing location of the target.

REQUIREMENT GUIDANCE (4.2.4.21)

This symbol should be positionable 360 degrees about the gun boresight symbol. Target angle should be

presented numerically in degrees.

REQUIREMENT LESSONS LEARNED(4.2.4.21 )

This symbol has received much consideration and was incorporated in this standard because of pilot

acceptability. Pilots have stated that the characteristics of the locator line facilitate pilot assessment of target

range and bearing location. It is realized that an out-of -FOVtarget should be represented consistently across

alldisplays, that is, by flashing the Iimited symbol as recommended in 4.2.4.18. However, pilots feel a line

extending from the HUD gun cross to the target location does not contribute that much to clutter and it does

enhance situational awareness.
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4.2.4.22 Target identification set,laser(TISL) reticle. This symbol shall be displayed superimposed on

the target when the TISL system is tracking a target. The TISL direction line shall be a dashed line connecting

the TISL reticle to the aiming pipper to facilitate target azimuth alignment and tracking (Figure 55).

●N Pipper or FPM (velocity vector)

Direction

\
\

line / \
\

\

TISL reticle,
1-mr pipper

12–mr lines,

30 mr

FIGURE 55. Target identification set, laser (TISL) reticle and direction line.

REQUIREMENT RATIONALE (4.2.4.22)

This symbol is provided when the TISL system is identified and is tracking a laser illuminated target. The

direction line aids in azimuth alignment and tracking of the target when the target is out of the central FOV.

REQUIREMENT GUIDANCE (4.2.4.22)

The symbol is displayed in TISL modes to indicate azimuth and elevation of ground target location.

REQUIREMENT LESSONS LEARNED (4.2.4.22)

4.2.4.23 Terrain follGwing (TF) cue. This symbol shall provide vertical TF steering cues. It shall be

displayed relative to the FPM and is normally caged to the FPM azimuth (Figure 56).

F---’””r-
FIGURE 56. Terrain following cue.
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4.3 Symbols and layouts. The symbols defined in section 4.3shall be drawn using the symbols shown in

figures accompanying each paragraph as guidance.

REQUIREMENT RATIONALE (4.3)

The symbols and formats in section 4.3should be used as baselines when evaluating the symbols proposed

by a contractor for fhese functions. The information required to be displayed depends on the weapon system

capability and mission requirements. Forexample, the AMRAAM system is capable of displaying multiple

target information head up and head down.

REQUIREMENT GUIDANCE (4.3)

The criteria used for acceptance of the proposed symbols should be based on human tactors design criteria

for information coding and information presentation. Several information sources are available which provide

excellent discussions in this area. (See Janair Report No. 680505, AFFfJ–Tf7-70– 174, Human Hrgirreering

Guide to Equiprnerrf Design, and ASD-TR-87-5014.) Atleastthe following requirements should beusedto

evaluate newsy mbology:

a. Each symbol shall beunique byvitiue ofatleast twocoding characteristics .Eachtarget type shauld

not only be unique in shape, but also should maintain its same shape throughout the attack sequence.

Information about the target (TAA, closure rate, in/out of weapon envelope, priority, and the like) should be

provided fhrough additional symbology, not via a change in targef shape. The use of either a raster,

calligraphic, or x-y matrix display shall not adversely affect these coding characteristics.

b. Themeaning andmotion ofdisplays shall beconsistent throughout allmodes of the display and

between displays. Scaling and gain changes are permitted between modes and displays. One exception to

this is symbols that are filled in o.n head-down displays and are also displayed on the HUD. They cannot be

filled in on the HUD due to scene obscuration and must be carefully recoded for use on the HUD. This is one

reason for using different shapes for target types instead of using the same shape with different target types

being determined by an empty symbol, a partially filled-in symbol, and totally filled-in symbol. Such coding

should be reserved for less critical information or for supplementing another code.

c. The sense of aircraft control symbol motion should be compatible with the motions of the

corresponding controller.

d. New symbols being proposed should be reviewed from a DOD perspective, where possible, to

prevent conflict with Navy, Army, and International symbcl standards. The designer should be familiar with the

symbology used in all Ak Force aircraft (e. g., A–7, A–10, F–15, and F–16) and the Navy F–18 since this

standard does not include all fhe symbology which is currently in use. Since most Air Force aircraft use only a

part of the recommended standards, compromises may be necessary to maintain commonality within an

existing aircraft program.

REQUIREMENT LESSONS LEARNED (4.3)

5.3 Symbols andlayouts verification. All display symbology infection 4.3shall reverified by visual

inspection of the shape and dimensions of each symbol and alphanumeric character and a functional

verification (hot bench test or flight test) of the operational characteristics of each symbol. New symbols

proposed in lieu of fhose in section 4.3 must provide a justifiable improvement in system capability and must

be functionally verified.

VERIFICATION RATIONALE (5.3)

Visual inspection is adequate to verify shape and dimensions ot each symbol and alphanumeric character.

Hot bench or flight tests are adequate to verify the operational characteristics of each symbol.
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VERIFICATION GUIDANCE (5.3)

Verification of the symbols chosen should be performed during human factors test and evaluation of the

full-scale development effort. Progress, however, should be monitored from the initial design to final

development to ensure continued compliance with the requirements. Symbol geometry, font, format,

dimensions, and mechanizations are normally defined in the Critical Item Development Specification for each

of the displays being used.

The requirements and verifications for acceptance of dynamic relationships between symbols, displays, and

aircraft systems are beyond the scope of this document. Display resolution, brightness, uniformity, contrast,

flicker, noise, minimum line movement, etc., are display characteristics which are specified in AFGS-87213.

M/L-STD-l 776 deals with f light instrument displays, control panel layout and color lights. M/L–STD–1472

contains a section on human factors display requirements.

VERIFICATION LESSONS LEARNED (5.3)
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4.3.1 Aiming reticle, airtoair. Thissymbol shall redisplayed during air-to-air (WA)combat modesto aid

it?visual target acquisiliorl. Subparagraplls 4.3. l.athrough 4.3. l.kcontain thestandard symbols which shall

beusedwith thereticle todisplay target andweapon parameters tothepilot. (Figures 57athrougl1 57k.)

a. Analog closure rate caret. This symbol shall redisplayed around theinside perimeter of the aiming

reticle, It shall be scaled to _ perclock position with positive and negative rates limited at50’clock

(_ )and70’clock( ),respecfively (Figure 57a).

b. Circular analog target range bar. This symbol shall display range to target and shall be scaled to

—Or_ per clock position (Figure 57b).

c, Range indices. Tlckmarks shall beusedon thereticle todenote aclockposition (Figure 57c).

d. In-range markers. These symbols shall beusedto display minimum and maximum target ranges

suitable fortheweapon selected (Figure 57cf.

e. Rm=l reterencetick. The Rmaxt symbol shall denote themaximum launch range computed fromthe

aerodynamic range of the weapon selected against a nonmaneuvering target (Figure 57e).

f. Rmax2reference tick. The Rmax2range symblshall recomputed foratargei evasive maneuverat

the terminal phase of missile flight (Figure 57r).

g. Rmin reterencetick. The Rmln range symbol shall recomputed from the minimum time of flight

required for missile guidance and arming (Figure 57g).

h. Pipper, AJA. This _diameterdot shall be used in all WA modes except missile, where it is usually

replaced byamissile seeker head circle or diamond at missile foresight. Pipperposition dependson radar

computations of target aircraff range (Figure 57/r).

I i. Range at bullet onesecond TOF. This tick makshall denote bullet range atone second TOFor

maximum gun range (F;gure 57I).

j. Snapshoot reticle. The WAsnapshoot reticle shall bedepicted asa _ diameter circle. The

reticle is positioned on the CCIL at target range (Figure 57)),

k. Target aspedangle (T~). TAAshall depict thetarget velocity vector direction such that 12 o'clock

denotes 180-degree difference between aircrafl and target velocity vector, 6 o’clock denotes zero difference

and 9 o’clock denotes the target is passing left to right in front of aircraft nose (Figure 57k).
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FIGURE 57. Aiming reticle, air-to-air (A/A).

REQUIREMENT RATIONALE (4.3.1)

This set of symbols provides the contractor with a standard WA reticle ensemble to be used in all procuring

activity aircraft. This approach minimizes confusion and reduces symbol proliferation.

REQUIREMENT GUIDANCE (4.3.1)

This symbol should be used as a baseline reticle for all A/A aiming modes. The analog closure rate caret is

normally scaled to +/–100 knots per clock position and limited to +/–500 knots. The circular analog target

range bar is normally scaled to 1000 or 3000 feet per clock position. The pipper is usually one milliradian in

diameter. The A/A snapshoot reticle is 6 mr in diameter.

REQUIREMENT LESSONS LEARNED (4.3.1)
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4.3.2 Aiming reticle, air-to-ground (A/G). This _-mr diamond reticle shall be displayed during

air-to-ground weapon delivery modes to enable target acquisition. It shall be centered on the pipper.

Subparagraphs 4.3.2. a through 4.3.2. c contain the standard symbols which shall be used with the reticle to

display target and weapon parameters to the pilot (Figure 58).

a. Target in-range bar. The range bar shall display when the target is in range for the weapon selected

(Figure 58a).

b. Pipper, AIG. This_ diameter dot shall be used in all #JG modes (Figure 58b). Pipper position

depends on PJG mode selected. It shall be positioned in azimuth to one of the following points, depending on

the weapon delivery mode selected:

(1) Totheflight path marker (FPM)

(2) Totheweapon impacfpoint(CCIP)

(3) Tothe HUDdepression angle (manual setting)

(4) Totheweapon foresight, e.g., electro-optical (EO)weapon

(5) TothelR weapon seeker headposition

c. Reticle eyebrows. Theeyebrows are Wosho~, vetiical lines centered abOvethe PiPPer at- and

They appear only when the reticle is depressed _or more (Figure 58c).

~ c. 5mt Reticle= —

eyebrows ~ —
= a.12+’nr target in-range bar(A/G Gun)

G

13-mr sides

b. l-mr pipper

90 “

FIGURE 58. Aiming reticle, air-to-ground.

REQUIREMENT RATIONALE (4.3.2)

I This set of symbols provides the contractor with a standard A/G reticle ensemble to be used in all Air Force

aircraft. This approach minimizes confusion across aircraft display symbol sets while reducing symbol

proliferation.

REQUIREMENTG UIDANCE( 4.3.2)

This symbol should be used as baseline reticle for all AIG aiming modes. An FdG reticle should be an 8-mr

diamond with a 1 -mr pipper dot. Reticle eyebrows should be centered above the pipper at 25 mr and 50 mr

when the reticle is depressed 100 mrormore (fixed depression sights) .Theeyebrows areunnecessa~ for

computed solutions. For A/G gun, a target in-range cue (12 mr bar) may be used.

I

I

REQUIREMENT LESSONS LEARNED(4.3.2)
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4.3.3 Character fonts.

system displays requiring

sizes for each type of font.

APPENDIX- ‘

The following types of character fonts, as applicable, shall be used on weapon

alphanumeric information. See AFGS-87213 for the recommended character

a. Dot matrix font. The font used for dot matrix displays shall comply with the following design criteria

(Figure 59a):

(1) The font shall be as similar to the raster-generated font (4.3.3.b) as possible so that character style

can be standardized across electronic displays in the cockpit.

(2) Horizontal and vertical segments or strokes making up each character shall be at least two pixels wide

to reduce confusion of one character with another in the event of a single row or column failure.

(3) Character height shall conform with the criteria in AFGS-87213.

(4) Character stroke width shall conform with the criteria in AFGS-87213 except that stroke width (SW)

shall be greater than 0.12 h and less than 0.22 h, where h is character height.

An example of a dot mat rix font for aircraft cockpit displays is shown in Figure 5%’. The 7 x 9 matrix size shown

is the minimum matrix size suitable for use in aircraft cockpit displays. If display size, resolution, and

information density permit, larger matrix sizes with two pixel stroke widths are recommended.

Any proposed font shall be subject to procuring activity approval.

FIGURE 59. a. Dot matrix font.
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b. RaSter-generateCf font. The raster-generated character font shall be used for weapon systenl displays

requiring raster-generated characters. An example of a raster+ en,erated font for aircraft cockpit displays is

shown in Figure 59b. Any proposed font shall be subject to procuring activity approval.

FIGURE 59. b. Raster-generated font.

I
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c. Stroke-written font. Weapon system displays requiring stroke-written characters shall use the

stroke–written font type. An example of a stroke–written font for aircraft cockpit displays is shown in

Figure 59c. The size of font should be scaled in accordance with display resolution requirements. Where

context clearly differentiates the zero from the alphabetic character “O,” the slash through the zero is optional.

Any proposed font shall be subject to procuring activity approval.

GHIJKL
\

STUVXY
wz012s

f 56789
FIGURE 59. c. Stroke-written font.
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REQUIREMENT RATIONALE (4.3,3)

The reason for establishing standard fonts is to ensure that displayed information can be read quickly and

accurately. Research shows that character brightness, contrast, heighllsubtense angle, ratio of stroke width

to height, spacing between characters, and font style can all affect character reading accuracy. These factors

are addressed in AFG.$67213 and AFFDL–TR–70–I 74.

REQUIREMENT GUIDANCE (4.3.3)

Dot matrix display devices are composed of picture elements (pixels) that can be addressed by various

methods to produce alphanumeric characters wifh an appearance very similar to raster CRT displays. Since

I
dotmatrixdsplays canextibitfailure modes nontypically found in CRTdisplays(e.g., single pixels, groupsof

pixels, or row andcolumnfailures), when using dot matrix display devices, consider in fhefont design possible

display tailure modes to ensure reading accuracy. Although the likelihood of certain types of failures can vary

depending upon the display device technology and fabrication methods, a survey of dot matrix display

vendors shows row andcolumn failures to beef greater concern.

Pixel failures mayor maynotcause reading errors. Ifthe failures do not affect any of the pixels used to

compose the character or if sufficient pixels remain to correctly distinguish the character, fhen reading

accuracy isveryhigh. If pixel failures make a character Iookunlike anycharacter inthefont, orlookvery similar

to another character, then reading accuracy can be degraded substantially. Pixel failures which result in

reading errors areconsidered worst-case failures. Depending upon thecriticatity of displayed alphanumeric

information, such worst-case failures could impact safety and survivability, and therefore mission success.

WR DC(KT has developed a font which enhances character reading accuracy under single row or column

failure conditions. This font uses a double pixel stroke width to ensure reading accuracy under such failure

conditions. Comparisons beWeenttis font andthesingle pixel stroke width font show about equal readng

accuracy without pixel failures (reference WRDC–Tf%9&7009). With the occurrence of single row or column

failures, thetwo-pixel stroke width font is substantially better than the font used in the previous revision ot this

document in terms of reading accuracy.

The enhanced font was developed based on a per+haracter Iimifation of a 7x9 matrix. This limitation was

imposed so that the same amount of text information could be placed on any display device that currently uses

the single pixel stroke widthfonf defined in the previous revision of this document. Use of a double pixel stroke

width (for a 7x 9 matrix size character) results in characters with a stroke width that is 22 percent of character

height. AFGS-87213 recommends that stroke width range from 12 to 20 percent of character height.

Review of thedata in AFFDL–TH–70–174 implies that astroke width to height of 22 percent should not

significantly impact reading accuracy. For example (AFFDL–TH-70–I 74 page 171), increasing stroke width

to height from 20.1 percent to 30 percent resulted in a maximum degradation in reading accuracy of

3.3 percent and an average degradation of 1.5percent with characters subtending a visual angle of

22 minutes of arc and brightness contrast ranging from 81 to 94 percent. For characters subtending an angle

of 16 minutes of arc, the minimum size for stationary charactersinAFG.%37213, reading accuracy degrades

by a maximum of 7.8 percent and an average of 3.8 percenl when increasing stroke widthtreight to 30 percent

under the same brightness contrast and symbol spacing conditions. These error rate increases are

substantially Iess than the 40-percent increase in reading errors when a single roworcolcrmn fails for the

single pixel stroke width font defined in the previous revision of this standard compared to a 3-percent

increase in reading errors for double pixel sfroke widfh fonf, Futihermore, the error rate for the following single

pixel stroke width characters with a single critical row or column lailure was determined to be greater than 90

percent: E, G, O,P, T U.ltshould also benotedthat the F-16data entWdisplay uses adouble pixel stroke

width font and a stroke width/character height of 22 percent. It is therefore recommended that the font in
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Figure 59a be the minimum matrix size used for aircraft cockpit applications. The average reading error rate

for this font (without row or column failures) is 0.63 percent with a character dtsplay time of only 0.05 second

and a visual angle of 26.7 minutes of arc. If display size, resolution, and information density requirements

permit, it is recommended that matrix size be increased to implement the recommendations of AFGS437213.

REQUIREMENT LESSONS LEARNED (4.3.3)

133

Licensed by Information Handling ServicesLicensed by Information Handling Services



MI L-STD-1787B (USAF)

APPENDIX

4.3.4 Horizontal situation display (fiSIJ). The HSD shall present essential moving map and data trama

information to be utilized for flight and combat application. The information presented depends on the

reau;rements of the different modes of operation. Table / is a matrix of sucmested information requirements

and associated s ymbology for each mode (Figure 60).

. .

TABLE 1. HSD mode information matrix.

[nforrnation Requirements

Map

Aircraft Position

Heading

Ground Track

Nav Steer

To/From

Target Points/JTIDS

Target Designator

Fuel Range

Data Frame

Fuel Range Circle

Time

MODE

Take Tf/ Weapon

off Nav Ta Del Ldg

x x x x x

x x x x x

x x x x x

x x x x x

x x x

x x x

x x x

x x x

Y w w r r

x x x x x

x’ w r K x+

x x x x x

Figure

60b

60a

60a

60a

60a

60a

60a

60a

60a

60a

60a

60a

NOTE: It is recommended that starred items be removable from the display by means of a declutter

control. Symbols that can be deleted by declutter should have a semndary warning when they are

deleted because of faulty data.

a. Fuel ranae circle. This symbol shall be used to display fuel range on the HSD map. The size of the

symbol depends-on the changing fuel range and map scaie factor (Figure 60a)

b. Compass rose. The compass rose shall be used to display aircraft heading and shall be driven by the

aircraft navigation equipment. In TRACK UP mode, the compass shall rotate to display aircraft magnetic

heading when referenced to the index atthetopof the display. In NORTH UP mode, the compass shall remain

fixed with north located at the top of the display, and aircraft heading is depicted by the aircraft symbol. Tick

marks shall be displayed in -degree increments with a Iongertick mark every degrees, a

numeric in place of atickmarkevery degrees, and the letters N (north), E (east), S (south), W (west)

to represent the four compass directions (Figure 60a).

c. Bearing pointer. The bearing pointer shall be used 10 indicata the magnetic bearing from the aircraft to

the selected ground station (VOR, TACAN, ADF, or INS) (Figure 60a).

d, Course deviation indicator (CDI) and scale. The CDI shall be used to displaytha aircraft position (via

the aircraft symbol) relative to a selected course. Once the course arrow has been set, the CD I shall rotate with

the compass rose. Full-scale deflection (2 dots) on the CDI scale varies as a function of ground station but

typically ranges from three- foutihs of a degree per dot to five degrees per dot (Figure 60a).

e. Aircraft symbol. The miniature aircraft symbol on the HSD shall be used to represent own-ship

position with respect to the navigation situation (Figure 60a).
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f. Heading marker. The heading reference marker shall be used to provide a reference to the desired

heading. It is typically used with the autopilot or flight director computer (Figure 60a).

g, To/from symbol. The to/from indicator shall be displayed as a triangular-shaped pointer. When the

indicator points to the head of the course arrow, it shall indicate that the course selected, if properly intercepted

and flown, directs the aircraft to the selected f acility (figure 60aj.

Course

Fuel
ran e—

7circ e

Bearin<
pointer

Course
deviation~
indicator

I I I I I

+9 1•1 I •1 n•1 o❑ o❑ o~
FIGURE 60. a. Typical horizontal situation display.

deviation
scale

To/from
— symbol

_ Aircraft
symbol

- Course
selection
arrow
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I

TTG DST

:05 38

FIGURE 60. b. Arc map display.

REQUIREMENT RATIONALE (4.3.4)

An HSD is a display which aids the crew members in navigation. Basically, it consists of a map presentation,

comDass rose, miles togo, bearing todestination, ground track, aircrafi position, andsteeting error; lt also

prov’ides the capability o; selecting-data charts, emergency procedures, and photographs. Modes generally

consist of manual, north-up, course-up, data, test, and off. A certain seletiion of map scale factors may also be

provided. Navigation update can be accomplished with CRT symbols with the map information. Symbols such

as checkpoints, various legs of the mission, high-risk areas, ground track deviation, radar homing, and

warning, may beusedforannotation ofavideo map. The format shown iscomplsx, pafllybecauss t'sadirect

translation from a mechanical instrument. This layout is recommended to promote commonality and positive

training transfer. Changes to this symbol layout maybe acceptable it they’re proven to be a better design and it

they’re consistent with current military service’s practice.

REQUIREMENT GUIDANCE (4.3.4)

I Mission requirements normally dictate the amount and type of information presented on the HSD.

I REQUIREMENT LESSONS LEARNED (4.3.4)

I 136

1-Licensed by Information Handling ServicesLicensed by Information Handling Services



M[L–STD–1787B (USAF)
APPENDIX

4.3.5 Head up display (HUD). The HUD shall present essential flight and combat information The

information presented depends on the requirement of the different modes of operation. Tab/e // shows

I common HUD information requirements and associated symbology for each mode (Fjgwe 6 la & 61b).

I TABLE Il. HUD mode information matrix.

MODE
Take Tf/ Weapon

Information Requirements off Nav Ta Del Ldg Figure

Aircraft Pitch Reference Symbol x’ x* x* x x* 11

Aiming Reticle x 37,38,57,58
Airspeed Display x x’ Y r x 12

Allowable Steering Error Circle & x 39

Steering Dot
Altitude Display x x* x’ r x 15

Angle of Attack Error/Speed Worm x 10

Azimuth Steering Line x 41

Bank Angle Scale r x* x* r x* 21

Beacon Symbol x x x 42
Bombfall Line x 43

Breakaway Symbol x x x 44

Character Fonts x x x x x 59a,b,c

Climb/Dive Angle Scale x x* x* x* x 4,5,6, 7,8

Climb/Dive Marker/Flight Path Marker x* x x x* x 45

Continuously Computed Impact Line X* 30

Flight Director Steering x 2a,b, 3

Gun Cross x 46
Heading Display x r x* r x 19

Horizontal & Vertical Deviation x x* x 24,27
Lead Computing Optical Sight Line x 47
Longitudinal Acceleration Cue x x x x x 9

Missile Aiming Symbol x 62a,b,c
Pull-up Anticipation Cue x 48
Radar Range Scale x 49

Solution Cues x 59

Steerpoint Index x x x 42
Target Designators x x x 51,52,53
Target Identification Set Laser x x 55
Target Locator Line x 54
Terrain Following Cue x 56
Vertical Velocity Indicator x’ x x* 18

NOTE: It is recommended that asterisked items be removable from the display by means of a
declutter control. Symbols that can be deleted by declutter should have a secondary warning when
they are deleted because of faulty data.
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FIGURE 61. a. HUD ILS format.
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FIGURE 61. b. HUD cruise mode.

REQUIREMENT RATIONALE (4.3.5)

The HUD is a display that projects collimated symbol imagery into the pilot’s fotward field of view. The

technique results in the combinat ion off light control and weapon delivery information with external visual cues
from the scene normally viewed through the windscreen. Specific symbols can be selectable for a given mode

of operation. Takeoff, landing, navigation, terrain following/avoidance, and weapon delivery modes may be

provided. Video formats such as low light level television (LLLTV), FLIR, or scan-converted radar may be

displayed along with symbology.

REQUIREMENT GUIDANCE (4.3.5)

Mission requirements normally dictate the amount and type of information presented on a HUD.

The present practice for navigation, warning, and caution/advisory data presented in the HUD is to display

navigation data in the lower right FOV of the HUD, caution and advisory data in the lower left FOV of the HUD,

and warning data in the center of the HUD FOV.

REQUIREMENT LESSONS
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4.3.6 Missile aiming symbol. figures 62a through 62c shall be used as applicable for missile seeker

head position on both the HUD and head-down display prior 10 lock-on, during radar lock-ore and after pilot

designation or acceptance of the target the missile seeker is locked on.

a. Missile seeker head line of sight (LOS). This symbol shall represent the LOS of the missile seeker

head during search (Figure 62a).

FIGURE 62. a. Missile seeker head LOS.

b. Target lock-on. This symbol shall represent the LOSofthe missile seeker head during radar track of the

target (Fjgure 62 b).

FIGURE 62 b. Target lock-on.

c. Pilot designated targef. This symbol shall represent pilot designation or acceptance of the target on

which the missile is locked (Figure 62c).

FIGURE 62 c. Pilot designated target.

REQUIREMENT RATIONALE (4.3.6)

This set of symbols provides the pilot with an “attack sequenced indication of seeker line of sight relative to a

target before lock-on, after radar lock-on, and after a missile lock-on (pilot designation).

REQUIREMENT GUIDANCE (4.3.6)

The symbol position on the HUD should identify missile seeker azimuth and elevation in either boresight or

slave modes. The diamond should always be reserved for designated targets.

REQUIREMENT LESSONS LEARNED(4.3.6)
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4.3.7 Runway reference. This symbol shall be used in landing mode to represent the aim point and

touch-down point of a runway (Figure 63),

FIGURE 63. Runway reference.
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4.3.L3 Vertical situation display (VSD). The VSD shall present essential flight and combat information.

The information presented depends on the requirements of the different modes of operation. Table ///is a

matrix of suggested information requirements and associated symbology for each mode (Figures 64a, 64b,

& 64c)

TABLE Ill. VSD mode information matrix.

Information Requirements

Acquisition Symbol

Aircraft Pitch Reference Symbol

Airspeed Display

Allowable Steering Error Circle &

Steering Dot

Altitude Display

Angle of Attack Error Display

Antenna Azimuth & Elevation

Markers

Attitude Bar

Azimuth Steering Line

Beacon Symbol

Bombfall Line

Breakaway Symbol

Character Fonfs

Course Command, Flight Director

Continuously Computed Impact Line

Flight Path Angle Display

Flight Path Marker

Gun Cross

Heading Display

Horizontal & Vertical Bars

LCOS Line

Missile (Aiming Symbol)

Pull-up Anticipation Cue

Radar Range Scale

Solution Cues

Steerpoint Index

Target Designator/Radar Lock-On

TL$L Reficfe

Vertical Velochy Indicator

NOTE: Itisrecommended thatasteti

MODE

Take Tf/ Weapon

off Nav Ta Del Ldg

x

x x

Ffgttre

34

2a,b

12

39

15

40

41

42

43

44

59a,b,c

30

45

3

46

19

47

62a,b,c

48

49

59

42

51

55

18

sol a

1
d if ems be removable from the display by me

decluffer control. Symbols that can be deleted by decluffer should have a sesondary warning when

they are deleted because of faulty data.

142

Licensed by Information Handling ServicesLicensed by Information Handling Services



MI L-STD-1787B (USAF)
APPENDIX

90

v

’60—

w
____ RED CHEVRON POPS IN VIEW AT

30° NOSE HIGH AND OUT OF
VIEW AT 25° NOSE HIGH

—40—

— 30

I
— 20

—

—lo

t=-

1 — 20

FIGURE 64. a.

— 30

A ‘---- RED CHEVRON POPS IN VIEW AT

—40— 20° NOSE LOW AND OUT OF
VIEW AT 15° NOSE LOW

A
’60—

A
90

Electronic attitude director indicator (EADI) display format.
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FIGIJRE 64. b. Transport VSD (landing mode).
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FIGURE 64. c. Typical VSD overlay on FLIR video (not shown).

REQUIREMENT RATIONALE (4.3.8)

The VSD has all of the features of an electronic attitude director indicator (EADI) with the increased capability

of displaying sensor data. Additional sensors may consist of LLLTV, IR, attack radar, weapon TV, or terrain
following radar. When any mode other than one of the primary EADI modes is selected, t he VSD may present

basic symbolic information for flight control superimposed on the sensor data.

REQUIREMENT GUIDANCE (4.3.8)

Mission requirements normally dictate the amount and type of information presented on the VSD.

As the development of aircraft display instruments moves away from traditional electro-mechanical
instrumentation toward electo-optical displays (i.e., CRT and LCD) special consideration should be given to

ensure that vital information is not omitted from the pilot’s primary flight information suite. In many cases, not

only is the presence of the information important but the way that information is presented can also prove

critical. The alarming number of mishaps in which controlled flight into the ground has resulted in the loss of the

aircraft and pilot emphasizes the necessity to ensure that such information minimizes the potential for
confusion and ambiguity during highly dynamic and high workload conditions.
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The following are suggestions to consider when seleding the display characteristics of an EADI

a. The presentation of atiifude information should be as prominent as possible. Current guidance

recommends that the attitude surface should be no less than 4 inches in diameter, and preferably 5 inches.

Also, this information should be centrally located within the pilot’s primary cone of vision on the front

instrument panel (see 4.1,1. a).

I
b. The field ofviewof theattitude display sudace(or ball) should display atleast +/-45 degrees (total

view of 90 degrees) of pitch, particularly for high agility aircraft where potential for spatial disorientation is

significantly higher. lftheatiitude reference provides lessthan 90degrees, ceflain conditions exist (i.e.,45

degrees) in which the pilot has no horizon reference orzenith/nadir reference. If the attitude reference

displays less than 45degrees, a horizon reference should reincorporated toindicate thedirection of the

~

horizon when the zero pitch line (i.e., horizon line) is outside the field of view of the display. The horizon line

should be changed, however, to inform the pilot clearly that thetieldof view has been exceeded (e.g., dashed).

c. Consider some cue regarding the magnitude of pitch angle. Many current indicators provide little

more than anumberto indicate pitch angle. Other means include changing the shade (coloration) of the

atfitude surface asthe pitch changes orincreasing thesize of thenumber asthemagnitude of thepitchangle

increase. Such cues tend to be more intuitive and reduce the time required to interpret in formation ;these

should be considered particularly for highly agile aircraft.

I
d. Consider adding pitch numbers onlytoone sideofthepitch lines to facilitate quick interpretation of roll

asymmetry.

~

e. If a flight path marker is added, it should be no more than one/third the size of the pitch symbol

(miniature aircraft). Thecolor of the flight path maAershould beclearly different fromthe pitch symbol.

f. Because these EADIs are used during military missions, consider the crew’s use of night vision

goggles and laser eye protection.

REQUIREMENT LESSONS LEARNED (4.3.8)

I Custodian:

Air Force – 11

I

Reviewers

ARMY - Ml

NAVY - EC

DISA - DC-4
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